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AN EXPERIMENTAL INVESTIGATION OF RENAL 
CIRCULATION 


ELWYN S. SHONYO, M.D.,* anp FRANK C. MANN, M.D. 


ROCHESTER, 


Alterations of the circulation are often not only 
the first but the most important factors relating 
to physiologic activity and the development of 
pathologic processes. In this paper we shall 
present the results of a study of the finer anatomy 
of the renal vascular tree in several species of 
animals and under certain experimental con- 
ditions. Kidneys of apparently normal albino 
rats, guinea pigs, dogs, cats and chickens; 
kidneys of guinea pigs and rats which had under- 
gone compensatory hypertrophy, and kidneys of 
rats in which hypertension had been induced by 
producing perinephritis with a silk and cellophane 
encasement of the kidneys were used in® this 
investigation. 


The preparation of corrosion specimens, with 
a synthetic liquid rubber used as the injection 
mass, was the method of choice in this investiga- 


tion because of the accuracy with which the 
finished cast duplicates the vessel mold. Injec- 
tion methods are one of the most important 
means of studying the distribution and the course 
of blood vessels in any organ or tissue. Such 
the method of Bowman? when he first 
described the finer structure of the renal circula- 
tory tree and established proof of the continuity 
of the malpighian corpuscle with the renal tubular 
system. He injected lead acetate and potassium 
bichromate into the renal vessels. The latter 
were made clearly discernible by the precipitation 
of lead chromate. Other injection materials 
which have been used with success in studies of 
the circulation include gelatin-dye mixtures,’ 
celloidin,® silver nitrate,** metal alloys,* roentgen- 
opaque substances *” and latex.° 
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METHODS AND MATERIALS 


The usual pressure system was used, consisting of the 
bulb of a sphygmomanometer, a pressure bottle, a 
mercury manometer, wash bottles for the injection mass, 
connecting rubber tubing and shortened hypodermic 
needles with glass adapters as cannulas. A gauze- 
covered toy balloon was connected by a T tube im- 
mediately above the bulb to initiate pulse pressure into 
the system. 

The perfusate used was isotonic solution of sodium 
chloride. The perfusion was made at as low a pressure 
as possible and discontinued as soon as the blood was 
washed from the renal vessels. Care was exercised 
in perfusing the organ in order to prevent the develop- 
ment of tissue edema and apparent vascular spasm, 
which might interfere with the injection for several 
hours. A vasodilator such as a 1 per cent solution of 
sodium nitrite or histamine was used when a more 
complete cast was desired. The use of a few cubic 
centimeters of acetone followed by more saline perfusate 
gave excellent relaxation of the vessels. 

Neoprene was used as the injection mass. This 
synthetic liquid rubber is stable in the presence of 
alkali but precipitates to form a solid, resilient, acid- 
resisting and alkali-resisting substance when placed in 
an acid medium. Concentrated hydrochloric acid serves 
the dual purpose of corroding the tissue as well as of 
solidifying the neoprene which fills the injected lumens. 
A comprehensive report on the technic of using neoprene 
in preparing corrosion specimens has been published by 
Lieb,* but his technic was altered in some respects 
in this investigation in order to utilize the method to 
better advantage in obtaining our objectives. 

When casts of hollow objects were made in vitro, the 
precipitated neoprene assumed the exact size and shape 
of the mold; hence one may suppose that the casts 
made of the renal vascular tree are accurate models of 
the vessels at the time that the material solidified. 
Dilution of the fluid mass with distilled water facilitated 
injection, but any dilution of more than 40 per cent was 
likely to produce a hollow cast, which tended to become 
weak and shrink. 

The injection mass does not flow through the organ 
as readily as does the perfusate, and in those instances 
in which it was observed flowing from the renal veins, 
it had become granular in appearance; hence it had 
evidently been rendered unstable during passage through 
the vascular system. In the test tube the presence of 
salts, blood and tissue juices tended to precipitate the 
fluid rubber. 
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There are many artefacts which alter the appearance 
of neoprene corrosion casts, such as foreign -bodies in 
the perfusate or the liquid neoprene, which act as emboli. 
Air bubbles in the solutions or the injection tubing will 
also obstruct and alter the lumens of the vessels. 
Temporary spasm of the vessels is often encountered 
soon after perfusion is started and causes the successive 
casts to be irregular. Tissue edema, which results from 
too great perfusion pressure or from hypotonic perfusate, 
must also be avoided. After the preparation of a prelimi- 
nary series of casts of the vascular trees of normal kid- 
neys, these technical difficulties were well controlled and 
subsequently both normal and pathologic specimens were 
injected under as nearly identical conditions as possible. 

Compensatory hypertrophy was induced in rats and 
guinea pigs by unilateral nephrectomy under aseptic 
conditions with the animal under anesthesia induced 
with ether. The animals were not used for six weeks 
to allow for maximal hypertrophy to occur. 

Hypertension was induced in rats by the method of 
creating perinephritis by wrapping in either surgical 
silk or cellophane. With the animal under ether anes- 
thesia and with surgical technic both kidneys of each 
animal were wrapped, and the material was held in 
place by a purse string suture around the renal pedicle. 
Blood pressures were taken by the indirect method.? 
The type of plethysmograph used was that described 
by Friedman 7 with a slight modification in the struc- 
ture of the manometer, which was made to lie hori- 
zontally along the upper side of the plethysmograph so 
that there would be no increase of back pressure as 
the tail of the rat expanded. 

Injection was done in the usual manner in the hyper- 
tensive kidneys. The perinephric capsule of connective 
tissue and wrapping material was carefully removed 
whenever possible so that any change in the cast from 
the normal would not be due to extrinsic compression. 

REVIEW OF THE LITERATURE 

The Normal Kidney—Many investigations 
have been made into the finer structures of the 
renal circulatory tree. The first notable con- 
tribution dealing with the renal circulation as a 
whole was made by Bowman* when he estab- 
lished the connection of the malpighian body with 
the tubular system and the usual distribution of 
the finer vessels of the kidney.* An interesting 
review of this and preceding work has been made 
by Richards. 

Reviews of the older literature reveal that in- 
vestigators who followed Bowman '—for instance, 
Ludwig,’ Virchow,’® Steinach? and Golubew ** 
—noted the existence of circulatory channels 
7. (a) Friedman, S. M.: J. Lab. & Clin. Med. 27: 
240, 1941. (b) Kempf, G. F., and Page, I. H.: ibid. 
27:1192, 1942. (c) Williams, J. R., Jr.; Harrison, T. 
R., and Grollman, A.: J. Clin. Investigation 18:373, 
1939. 

8. Richards, A. N.: 
126:398, 1938. 

9. Ludwig, C.: 
1850. 

10. Virchow, R.: Virchows Arch. f. path. Anat. 12: 
310, 1857. 

11. Golubew, W. Z.: Internat. Monatschr. f. Anat. u. 
Physiol. 10:541, 1893. 
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within the kidney other than those following the 
usual course, that is, from the afferent arteriole 
through the glomerulus, then through the efferent 
arteriole and finally into the peritubular capil- 
laries. Ludwig’® described an arteriole which 
branched from an afferent arteriole in the cortico- 
medullary zone and passed directly into the 
medullary peritubular capillaries. Steinach * in- 
jected gelatin and dye into both renal artery and 
vein of the human kidney and found mixtures in 
certain deeper veins of the boundary zone but not 
in the more peripheral veins. He concluded that 
there must be direct arteriovenous shunts between 
the larger vessels in the corticomedullary zone. 
He also injected Lycopodium spores (diameter, 
29 to 32 microns) into the arterial stream and 
found a few in the renal vein. These spores were 
too large to pass through the capillaries (diam- 
eter, about 10 microns) and therefore must have 
entered the venous system via direct shunts. 
Golubew "! confirmed the work of Ludwig and 
described arteriae rectae verae, as did Virchow,’°® 
but other investigators were unable to corrobo- 
rate these reports; hence, the findings were not 
genefally accepted. Brodel studied the gross 
circulatory relations, using casts made with cel- 
loidin '* (a concentrated preparation of pyroxy- 
lin), and Huber “ also used the celloidin corro- 
sion technic and denied that by-pass vessels 
occur except possibly rarely in the cat. Hinman, 
Morison and Lee-Brown * also were unable to 
demonstrate such vascular channels, but Lee- 
Brown “* later reported having found the Ludwig 
arteriole. Morison ** expressed the opinion that 
this finding was an artefact. MacCallum ™ did 
not find by-pass channels in his studies of the 
normal renal circulation; however, he’ later 
reported by-passes in pathologic kidneys, as did 
MacNider,*® Oliver and Luey ** and Loomis.** 
The foregoing observations led to the concept ** 
that short circuits in renal circulation were the 
result of pathologic processes in which the 
afferent and the efferent arterioles anastomosed 


as the glomerulus became degenerate and 


12. Kelly, H. A., and Burnam, C. F.: Diseases of 
the Kidneys, Ureters, and Bladder, with Special Ref- 
erence to the Diseases in Women, New York, D. 
Appleton and Company, 1914, vol. 1, p. 162 and fig. 101. 

13. Morison, D. M.: Am. J. Anat. 37:53, 1926. 

14. MacCallum, D. B.: Am. J. Anat. 38:153, 1926. 

15. MacCallum, D. B.: Am. J. Anat. 65:69, 1939. 

16. MacNider, W. deB.: J. M. Research 24:425, 
1911; Proc. Soc. Exper. Biol. & Med. 31:293, 1933. 

17. Oliver, J., and Luey, A. S.: Arch. Path. 18:777, 
1934. 

18. Loomis, D.: Arch. Path. 22:435, 1936. 

19. Leiter, L., in Luck, J. M.: Annual Review of 
Physiology, Stanford University, Calif., Annual Reviews 
Inc., 1941, vol. 3, p. 509. ° 
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fibrosed. It was concluded that the result of 
this process was the maintenance of nutrition in 
the remaining aglomerular tubule. 

Recent reviews of the literature *° indicate that 
the present concept concerning short circuits in 
the normal renal circulation is that such vascular 
channels possibly exist but are exceedingly rare 
since in recent years they have been observed 
only in pathologic specimens. 

From the literature the various vascular 
channels that do not pass through glomeruli may 
be listed as follows: (1) a direct continuation of 
the interlobular artery into capillaries of the 
cortex corticis; (2) Ludwig’s arteriole, that is, a 
branch from an afferent arteriole in the boundary 
zone which passes directly into the medulla; (3) 
arteriae rectae verae, that is, branches from the 
arcuate arteries or the bases of the interlobular 
arteries which pass directly into the medulla; 
(4) direct arteriovenous shunts, as described by 
Steinach, between the larger vessels in the 
boundary zone. 

Compensatory Hypertrophy.—The fact that a 
kidney whose mate has been destroyed or excised 
undergoes hypertrophy has been known for about 
a century. That this increase is due to simple 
hypertrophy of the glomeruli with hypertrophy 
and hyperplasia of the cells of the tubules and 
not to regeneration of new elements has been 
established.** 

The blood flow through the remaining kidney, 
after its mate has been removed, is practically 
unaltered for at least three hours ** but it is 
increased later and reaches its maximum in about 
a month.2* Van Slyke, Rhoads, Hiller and 
Alving ** reported that the blood flow was 
increased 68 per cent as determined by the urea 
clearance method, but Walker and his asso- 
ciates *°¢ found this value to be high when the 
thermostromuhr was used to determine renal 
blood flow. Smith 7° stated that the increase is 
about 50 per cent. 

Compensatory hypertrophy of the kidney fol- 
lowing the removal of its mate appears to be due 
to an increase of the physiologic activity of the 


organ. The surviving organ increases in size in 


20. (a) Collins, D. A.: Am. J. Physiol. 116:616, 
1936. (b) Smith, H. W.: The Physiology of the 
Kidney, New York, Oxford University Press, 1937. (c) 
Van Slyke, D. D.; Rhoads, C. P.; Hiller, A., and 
Alving, A. S.: Am. J. Physiol. 109:336, 1934. (d) 
Walker, A. M.; Schmidt, C. F.; Elsom, K. A., and 
Johnston, C. G.: ibid. 118:95, 1937. 

21. (a) Arataki, M.: Am. J. Anat. 38:71, 1926. (b) 
Bollman, J. L., and Mann, F. C.: Arch. Path. 19:28, 
1935. (c) Oliver, J.: Arch. Int. Med. 34:258, 1924. 

22. Herrick, J. F.; Essex, H. E., and Baldes, E. J.: 
Am. J. Physiol. 99:696, 1932. 

23. Rhoads, C. P.; Alving, A. S.; Hiller, A., and 
Van Slyke, D. D.: Am. J. Physiol. 109:329, 1934. 
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proportion to the increase in functional demand 
made on it.** This was proved by the demon- 
stration that the retention of the urinary excre- 
tory products following transplantation of the 
ureter of the remaining kidney into the jejunum 
will greatly increase the rate of enlargement of 
the organ.2*” The ingestion of an adequate 
amount of urea or of protein in the diet will also 
increase the rate at which compensatory hyper- 
trophy occurs.*® 


Renal Hypertension.—Since the discovery by 
Goldblatt, Lynch, Hanzal and Summerville *° 
that partial constriction of the renal arteries of 
the dog leads to hypertension, this problem has 
been the subject of much investigation. Drury ** 
introduced a modified technic, and Page ** 
observed that the same results could be obtained 
by wrapping the kidneys of experimental animals 
in surgical silk or cellophane. Friedberg ** noted 
hypertension in rabbits on partial occlusion of the 
renal vein. Several hypotheses have been 
advanced gs to the mechanism which produced 
this phenomenon, but Goormaghtigh and Grim- 
son *° and Goormaghtigh ** observed that certain 
afibrillar cells (Polkissen) which occur at the 
vascular pole of the glomerulus (juxtaglomerular 
apparatus) and in the walls of the larger renal 
arteries become hypertrophied and granular in 
renal hypertension. The granules and vacuoles 
which appear in these cells in hypertensive 
kidneys seem to be of a secretory nature, and the 
possibility that they may be the source of the 
renal pressor substance has been suggested by 
several investigators.** 

The only visible changes within the hyper- 
tensive kidney itself other than those of possible 


24. Hinman, F.: J. Urol. 49:392, 1943. 

25. Allen, R. B.; Bollman, J. L., and Mann, F. C.: 
Arch. Path. 19:174, 1935. Allen, R. B., and Mann, F. 
C.: ibid. 19:341, 1935. 

26. Goldblatt, H.; Lynch, J.; Hanzal, R. F., and 
Summerville, W. W.: J. Exper. Med. 59:347, 1934. 

27. Drury, D. R.: J. Exper. Med. 68:693, 1938. 

28. Page, I. H.: Science 89:273, 1939; J. A. M. A. 
113 :2046, 1939. 

29. Friedberg, L.: Am. J. Physiol. 183:282, 1941. 

30. Goormaghtigh, N., and Grimson, K. S.: Proc. 
Soc. Exper. Biol. & Med. 42:227, 1939. 

31. Goormaghtigh, N.: (a) Proc. Soc. Exper. Biol. 
& Med. 42:688, 1939; (b) Am. J. Path. 16:409, 1940. 

32. Collins, D. A., and Hamilton, A. S.: Am. J. 
Physiol. 180:784, 1940. Corcoran, A. C., and Page, I. 
H.: ihid.. 135:361, 1942. Friedman, B.; Jarman, J., 
and Klemperer, P.: Am. J. M. Sc. 202:20, 1941. Gold- 
blatt, H.: Ann. Int. Med. 11:69, 1937. Guerrant, J. L.; 
Scott, J. K., and Wood, J. F., Jr.: Am. Heart J. 26: 
232, 1943. Kahn, J. R., and Laipply, T. C.: Am. J. 
M. Sc. 203:807, 1942. Lewis, H.. A.; Leo, S. D., and 
Prinzmetal, M.: Am. Heart J. 21:319, 1941. Page, I. 
H.: Am. J. Physiol. 112:166, 1935. Prinzmetal, M.; 
Lewis, H. A.; Taggart, J.; Wilkins, H., and Drury, D. 
R.: Am. Heart J. 20:525, 1940. Collins.2% 
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degeneration are the hypertrophy and the hyper- 
plasia of the aforementioned afibrillar cells, which 
are reported to occur along the arterial vascular 
tree and to accumulate in groups at the vascular 
poles of the glomeruli.*® These cells become 
larger, and vacuoles and granules develop in 
them, in hypertensive kidneys from which renin 
can be extracted. Renin has been extracted from 
the normal rabbit kidney, but the afibrillar cells 
in this animal are well developed and contain 
granules which are reported to undergo cyclic 
activity. In the rabbit,**® as in other experi- 
mental animals,**” the afibrillar cells increase in 
size and number as well as in granularity in renal 
hypertension. Such cells in the dog undergo 
similar changes in hypertension following exces- 
sive doses of vitamin D, (calciferol **) ; likewise, 
those in human kidneys in scarlet fever associated 
with secondary hypertension.** In experimental 
animals, no correlation has been found between 
the degree of granularity of the afibrillar cells and 
the severity of acute hypertension. However, in 
chronic renal hypertension in the rabbit the 
granules of the afibrillar cells tend to decrease in 
number **”; in the same condition in the dog the 
cells remain quite granular, although they show 
evidence of less hypertrophy.**” 

The hypertrophy and the hyperplasia of the 
afibrillar cells have been observed to effect con- 
striction of the glomerular arterioles (partic- 
ularly of the afferent arteriole) to a point at 
which many glomeruli become atrophic.*° It was 
with this observation in mind that investigation 
of the renal vascular tree in experimental hyper- 
tension by the corrosion technic was undertaken. 


RESULTS 


The Normal Kidney.—The ease with which 
neoprene is injected and the extent of the cast 
make it possible to demonstrate the extreme 
vascularity of the kidney, a fact which is not so 
readily appreciated by studies on histologic sec- 
tions and the usual injection-corrosion specimens. 
In completely injected specimens the vascular 
tree is so dense that grossly the corroded kidney 
appears to be almost as solid as does the un- 
corroded one (figs. 1 and 2). 


(a) Arterial Injection: In general, the accepted 
features of renal circulation were confirmed; 
however, the presence of certain contested struc- 
tures was also demonstrated in this investigation. 


33. (a) Dunihue, F. W., and Candon, B. H.: 
Path. 29:777, 1940. (b) Dunihue, F. W.: ibid. 32:211, 
1941. (c) McManus, J. F. A.: Lancet 2:394, 1942. 
\((d) Goormaghtigh and Grimson.*° (¢) Goormaghtigh.*! 

34. Goormaghtigh, N., and Handovsky, H.: Arch. 
Path. 26:1144, 1938. 

35. Goormaghtigh and Grimson.®°® 
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We agree with others ** that the divisions of 
the larger vessels are not usually well defined and 
that many variations are to be seen. However, 
the interlobular arteries usually form a_ well 
defined and characteristic group of vessels (figs. 
3 and 4). 

The glomeruli, in all specimens examined, 
were found to be present in three zones or layers 
as reported by Lee-Brown.** The first of these 
zones is the subcortical zone in which the efferent 
arterioles stream centrifugally and branch into 
stellate patterns on the cortical surface. This is 
possibly the result of the embryonic elongation 
of the tubular system. That portion near the 
cortical surface is forced outward in the line of 
least resistance as it expands.** The glomeruli 
remain stationary, and therefore it is reasonable 
to assume that these efferent arterioles are 
carried outward by the tubules which they 
nourish (figs. 4 and 5). The second, or mid- 
cortical, zone is densely filled with glomeruli and 
the efferent arterioles branch into that region. 
The third, or corticomedullary, zone has large 
glomeruli and the efferent arterioles pass cen- 
tripitally into the medulla to branch in a 
dichotomous manner. The parent afferent vessels 
of these glomeruli usually arise from the arcual 
arteries or the bases of the interlobular arteries 
(figs. 4 and 6). 

Pressure up to 500 mm. of mercury did not 
rupture any of the glomeruli, but after an injec- 
tion of 40 mg. of rattlesnake (Crotalus atrox) 
venom in 5 cc. of isotonic solution of sodium 
chloride and its retention within the vessels of 
the rat kidney for about twenty minutes, the rete 
ruptured easily and casts were obtained of the 
proximal tubular systems. 

In several instances two efferent arterioles, 
instead of the usual single arteriole, were 
observed to emerge from a glomerulus, and these 
then divided into a spray of peritubular capil- 
laries in the usual manner. 

Circulatory channels which by-pass the glomer- 
uli are a reality in apparently normal kidneys. 
Units were observed which may be considered 
either as Ludwig’s arterioles or as arteriolae 
rectae verae with afferent arterioles and glomer- 
uli branching from them (fig. 6). No arteriolae 
rectae verae were observed which passed directly 
into the medulla unassociated with side branches 
into glomeruli. 

On several occasions the terminal branches of 
the interlobular arteries of the rat and the guinea 
pig were seen to branch directly into the stellate 


capillaries of the cortex without interposed 
36. Gross.2> Hinman and others.*¢ Lee-Brown.%¢ 
Loomis.18 MacCallum.* 

37. Huber, G. C.: Am. J. Anat. 4:1, 1905. 
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‘A , glomeruli. These were observed much less fre- 





which were particularly complete. This may 
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A direct shunt between an artery and a vein the injection mass except when all vessels are 
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! Fig. 1—Neoprene cast of the vascular tree of a dog’s kidney after corrosion. The arteries, the veins and the 
| ? * renal pelvis have been injected (x 0.8). 
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Fig. 2.—An isolated portion of the cast of figure 1 showing the capillary network of the cortex corticis, the 








architecture of the cortex proper and the venae rectae of the medulla (x 7.5). 


Fig. 3.—Terminal interlobular vessels of an albino rat’s kidney, showing the large number of glomeruli present 
and the branching of the interlobular arteries. The vessels have been teased apart to facilitate study (x 13.5). 
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Fig. 4.—Partial dissection of an interlobar artery and its branches from the kidney of an albino rat to illustrate 
the units of renal circulatory structure. The dense mass of material at the terminal portion of the cast is the 
undissected portion. The interlobular arteries arise perpendicularly to the main stem and represent the thickness 
of the cortex. The vasae rectae are seen below the interlobar artery and this portion represents the medulla 
(X 8.5). See figures 5 and 6. 

Fig. 5.—Enlarged view of the terminal vessels at h of figure 4. The terminal efferent arterioles course out- 
ward to the cortex corticis, and they are much smaller than the corresponding afferent vessels (x 47). 

Fig. 6.—An enlarged view of the vessels at g of figure 4, showing the branch k which by-passes the glomerulus 
m and divides directly into peritubular capillaries of the medulla. The short afferent arteriole f can be seen con- 
necting the glomerulus to this branch (x 47). 
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formed by way of the renal artery are thin-walled indicative of the presence of a direct arterio- 
hollow tubes and are easily identified. This hol- venous shunt. 

low structure is due to the dilution factor as the Casts of the vascular trees of chicken kidneys 
neoprene passes through the preceding channels. showed considerable variation from those of the 
The veins which are more completely filled are other laboratory animals used. Each group of 





Fig. 7—Casts of the renal vascular systems of guinea pigs. That of a normal kidney is shown on the left 
and that of a kidney which had undergone compensatory hypertrophy is shown on the right. The glomeruli and 
other smaller vessels are much smaller in the normal than in the hypertrophic system. (x 6.5). 

Fig. 8—Terminal vessels of a partially dissected cast of the renal vascular system of an albino rat (blood 


pressure, 250 mm. of mercury). Note the constriction of the arterioles and the incomplete injection of these 
vessels (x 12.5). 
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interlobular arteries was very long and was 
arranged in a single plane somewhat like the 
rays of a fan. These structures were arranged 
in pairs, and the veins formed a similar pattern 
between the members of each pair. The glo- 
meruli at the bases of the interlobular arteries 
were much larger than those at the terminal por- 
tions of these arteries, and the coils of the rete 
mirabile were sparse as compared with those of 
the glomeruli of the mammalian kidney. 

(b) Venous Injection: Casts obtained by in- 
jection of the renal veins agreed in general with 
those described in previous reports by others.** 
In one rat kidney, in which the blood vessels had 
been well injected, dissection revealed casts of 
several glomeruli which had been filled by way 
of the vein, thereby indicating an absence of 
valves in that portion of the circulatory system. 

The cat kidney offered the one exception to 
the general renal venous pattern of the usual 
mammalian experimental animals. In other 
species the veins usually begin in the stellate ves- 
sels on the cortical surface and from the peritu- 
bular capillaries, and from there form larger 
channels which follow the arterial tree in reversed 
direction. The stellate vessels in the cat, as also 
reported by Huber,*** united to form large sur- 
face veins which coursed over the cortical surface 
to converge at the renal pelvis and joined those 
veins which emerged from the usual pattern 
inside the kidney substance. 

Compensatory Hypertrophy.—Neoprene casts 
of the vascular trees of rat and guinea pig kid- 
neys which had undergone compensatory hyper- 
trophy were much more complete than were the 
normal controls. Fewer glomeruli were only 
partially injected, and all of the smaller arteries 
and arterioles, which were increased in diameter, 
maintained the same general proportions as in 
the controls (fig. 7). 

The arteriovenous shunts (reported in the 
preceding section) were observed only in kid- 
neys which had undergone compensatory hyper- 
trophy. 

Renal Hypertension——Surgical silk was more 
satisfactory than cellophane in producing peri- 
nephritis in white rats only in that it was much 
easier to handle. Silk and cellophane were used 
alternately in 32 rats, 21 of which survived. 
One in which silk was used died, and 10 in which 
cellophane was used died within three days as a 
result of acute bilateral renal failure because of 
our inability to judge the pressure of the cello- 
phane on the renal pedicle. Cellophane induced 


38. Huber, G. C.: (a) 
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a much heavier connective tissue capsule about 
the kidney than did silk, but the degree of hyper- 
tension had no direct relation to the amount of 
connective tissue laid down in this series. 

Casts of the larger vessels of hypertensive kid- 
neys were of about the same caliber as those of 
the controls, but the afferent arterioles and 
glomeruli appeared more pleomorphic than those 
in apparently normal kidneys. The afferent ar- 
teriole at the vascular pole of the glomerulus was 
constricted more frequently in the hypertensive 
than in the normal kidney. Many of the glomer- 
uli formed casts which were shrunken and frail, 
and the retia were often only partially filled. 
These partially filled glomeruli were usually 
associated with the constricted afferent arterioles 
(fig. 8). The glomeruli which were well filled 
with the injection mass usually had widely patent 
arterioles and had the size and the appearance 
of the glomeruli in the hypertrophic kidney. 

While the level of the blood pressure did not 
always have a direct relation to the amount of 
constriction observed in the smaller vessels of 
the cast, it was noticed that the casts of renal 
vascular systems associated with extreme hyper- 
tension (200 to 250 mm. of mercury) were quite 
incomplete (fig. 8). The injection mass passed 
through many of the larger interlobular arteries 
with difficulty and, in the finished cast, gave the 
appearance of having been pinched off. When 
it did reach the glomeruli, the casts of the rete 
were often incomplete and small. 

In 1 case hypertension did not develop, and 
the casts (neoprene was injected after the cap- 
sules had been removed) had the appearance of 
those of the normal controls. 

In casts of the renal vascular systems of 3 
animals that had only mild hypertension (120 to 
160 mm. of mercury) the degree of constriction 
was equal to that of the vessels in which-hyper- 
tension was severe. 


COM MENT 

The Normal Kidney.—Several properties of 
the injection mass used in this study make it 
very satisfactory for studies on the circulation. 
1. An almost complete cast of the vessels can be 
made with it. 
to handle and to dissect without breakage or dis- 
tortion. 3. The injection mass forms accurate, 
smooth, nonshrinking casts of the vessels at the 
time that it solidifies. 4. Roentgenopaque sub- 
stances may be incorporated to make roentgeno- 
logic studies possible. 5. The presence of dyes 
and the inherent opacity of the cast make it 
possible to take good photographs of the cast by 
reflected light. 


2. The injected specimen is easy 














Among the limitations of the material is its 
instability in the presence of salts and tissue 
solutes. Furthermore, although the mass forms 
an accurate cast of the lumen of the vessel at 
the time it precipitates, it does not necessarily 
follow that the vessel remains passive to the 
presence of the alkaline foreign mass. The cast, 
therefore, may give false information as to the 
true functioning diameters of the vessels in vivo. 
It was noted, however, that the use of a vaso- 
dilator such as sodium nitrite or histamine re- 
sulted in casts more complete than those 
obtained when a vasodilator was not used. It 
follows, then, that this may be a means of in- 
vestigating the effects of drugs on blood vessels 
with reference to their points of action. 

The glomeruli in the corticomedullary zone 
are usually larger than those located more 
peripherally. This is possibly explained by the 
hypothesis of Smith ** and others *° that mam- 
malian glomeruli are a liability instead of an 
asset, and so the last to form (those nearest the 
cortex corticis) would be the first to become 
degenerate in the process of the adaptation of 
the species. The force of the injection can hardly 
account for the variation of the size of the vessels 
as observed in this investigation. 

The internal structure of glomeruli may be 
observed by carefully spreading the elastic cast 
into a single plane. No definite statement can 
be made at this time, but from the few so ex- 
amined, there did not appear to be any cross 
anastomoses between the capillaries of the 
glomerulus,*! although they have been reported.** 

Various possibilities have been recorded in 
regard to the various short circuits in renal cir- 
culation. The present trend is to accept such 
vessels as occurring in pathologic specimens 
only, and they are considered to be either absent 
or extremely rare in normal kidneys. The re- 
sults of the present investigation indicate that 
such shunts probably do occur regularly in the 
normal renal circulation of several species of 
animals, and the following have been observed: 
(1) direct continuations of the interlobular ar- 
teries into the capillaries of the cortex corticis ; 
(2) vessels which by-pass glomeruli in the corti- 
comedullary zone and pass into the medullary 





39. Smith, H. W.: Am. J. Physiol. 93:480, 1930; 
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capillaries; (3) direct arteriovenous shunts in 
the corticomedullary zone. 

Compensatory Hypertrophy.—The results of 
this phase of the investigation bear out the results 
of others in that there is enlargement of the 
smaller vessels of the kidney in compensatory 
hypertrophy and that they maintain the same 
general proportions as those of the control speci- 
mens. The increased size of the smaller arteries, 
arterioles and glomerular rete, as well as the 
patency of all of the vessels, is also in keeping 
with the results of previous investigations to the 
effect that the rate at which blood flows through 
the hypertrophic kidney is materially increased. 

It may be added that casts similar in most 
respects to those from the hypertrophic kidney 
were obtained on the addition of vasodilators 
such as sodium nitrite and histamine to the per- 
fusate. 

Renal Hypertension—While there was con- 
siderable alteration of the casts of hypertensive 
kidneys, it cannot be stated with certainty that 
it was due to encroachment on the lumens of the 
vessels by enlarged afibrillar cells at the vascular 
poles of the glomeruli and along the larger vessel 
walls, because these structures were not ohserved 
histologically. The presence of the injection 
mass in the extensive renal vascular bed did not 
permit sufficiently thin sections to be cut by 
methods available at this time. 

After the heavy perinephric capsules had been 
stripped away, the casts presented the same al- 
tered appearance, so that one may reasonably 
assume that changes within the renal parenchyma 
were responsible for the constrictions in the 
casts. As stated previously, these changes, es- 
pecially those in the afferent arterioles adjacent 
to the glomeruli, were encountered more fre- 
quently in the hypertensive specimens than in 
the controls and were often so extreme as to 
prevent adequate filling of the glomeruli. When 
the vessels were occluded so severely that ‘the 
glomeruli or even the afferent arterioles did not 
fill with the injection mass, it was impossible to 
determine the exact location of the constriction 
because the presence of other fluid which had 
been trapped in these vessels prevented the neo- 
prene from reaching this point. 

From the observations made one may reason- 
ably conclude that the nature and the location 
of the constrictions in the cast of the renal vas- 
cular tree of the hypertensive rat are in keeping 
with the results of previously reported histologic 
investigations and that these alterations from the 
normal may be due to the enlarged afibrillar 
cells. 
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SUMMARY 


In an investigation of the normal renal circula- 
tion of several laboratory species in which neo- 
prene was used as the injection mass, evidence 
of certain contested features of normal renal 
circulation, namely, vessels which by-pass glo- 
meruli, was found. 

Neoprene casts of the vascular systems of 
kidneys had undergone compensatory 
hypertrophy demonstrate the increase of the size 


which 
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of the finer vessels in agreement with the results 
of previous histologic and physiologic investiga- 
tions. 

Studies of the corrosion casts of the renal 
vascular trees of animals that had experimental 
hypertension indicate that constrictions occur in 
the finer vessels and are most easily demonstrated 
in the afferent arterioles adjacent to the corre- 
sponding glomeruli. Many glomeruli either are 
not well filled or are not filled at all by the 
injection mass. 
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Severe hemorrhagic degeneration of the kid- 
neys in young rats restricted to certain experi- 
mental diets was first observed by Hartwell’ 
and by Cox and co-workers.? Griffith and Wade ® 
were the first to recognize deficiency of choline 
as the determining factor in the renal necrotic 
changes. The addition of choline, methionine 
and betaine to the diet prevented, while the 
addition of cystine and cholesterol aggravated, 
the hemorrhagic necrosis in the kidneys.* Thus 
the experimental conditions under which hemor- 
rhagic necrosis in young rats may occur are 
quite similar to those which lead to fatty in- 
filtration * and later to cirrhosis of the liver in 
adult rats.° Degenerative changes in the kidneys 
of these older animals have also been ob- 
served,™-* as well as cirrhotic changes in the 
liver. Engel and Salmon,’ using diets in which 
most of the protein was peanut meal, described 
a consistent 100 per cent incidence of hemor- 
rhagic necrosis in the kidneys of young rats. 
They concluded that the protein in this choline- 
free diet contained methionine and cystine in an 
ideal proportion for the production of choline 
deficiency. 


From the Laboratories of the Elizabeth A. Horton 
Memorial Hospital. 
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Large amounts of alkaline phosphatase pre- 
viously found in kidneys by chemical estima- 
tion ® can be demonstrated in paraffin sections 
by a histochemical method.® This procedure 
allows localization of the enzyme in the different 
cells of the organ. A similar method for the 
study of acid phosphatase has been developed 
by Gomori." 

In this investigation the behavior of histo- 
chemically demonstrable alkaline and acid phos- 
phatase has been studied in kidneys severely 
damaged by choline deficiency. 


ANIMALS AND DIETS USED 


One hundred and forty-five weaning male albino rats, 
weighing 30 to 35 Gm., were used. Ten young rats 
served as normal controls. The diets used and the 
number. of animals showing renal changes in each group 
can be seen from the table. Most of the animals were 
killed by a blow on the neck after they had been on the 
experimental diet for ten to fifteen days. A few died 
earlier, and a number were kept for a longer period. 


In none of the groups listed in the table was 
the number of animals undergoing the typical 
changes as high as that noted by Engel and 
Salmon’ in their experiments. In the present 
experimental series the highest incidence of 
hemorrhagic renal necrosis was seen when fibrin 
was used as the source of protein.™* 

The kidneys of all the animals were studied 
microscopically. Altogether, 23 animals showed 
acute and 13 subacute changes in the kidneys. 


DEMONSTRATION OF PHOSPHATASE 


Alkaline Phosphatase—Gomori’s method ® as modi- 
fied by Kabat and Furth!2 was used with small 
alterations. The essentials of this technic were dis- 
cussed and illustrated in a schematic drawing by 
Wilmer.18 The following small changes were made: 
In order to obtain optimal enzymatic action, the slides 
were left in the buffer-phosphate mixture for eight to 
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fourteen hours. Since sodium betaglycerophosphate is 
difficult to obtain at the present time, sodium glycero- 
phosphate, 5 H:O (52 per cent alpha), prepared by 
the Eastman Kodak Company, was substituted. It 
gives equally satisfactory results. The slides were 
counterstained in a 1 per cent aqueous solution of basic 
fuchsin for several seconds. This stains the nuclei and 
the cytoplasm sufficiently distinctly and allows recog- 
nition of even small amounts of dark cobalt sulfide, 
which are indicative of phosphatase activity. Acetone- 
fixed material as used for the demonstration of acid 
phosphatase can be used also for the staining of alkaline 
phosphatase, 


Acid Phosphatase —Gomori’s1® method as modified 
by Wolf, Kabat and Newman'* was used with small 
alterations. This procedure consists of the incubation 
of acetone-fixed paraffin sections in a buffer solution 
containing a phosphate ester and lead nitrate. Inorganic 
phosphate that has been released by fermentative action 
is transformed into lead phosphate and when this is 
treated with ammonium sulfide is visualized as dark 
lead sulfide. After fixation in three changes of cold 
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acute phase have been described by Gyérgy and 
Goldblatt,**> Engel and Salmon’ and Christen- 
sen.1® The most striking changes were found in 
the kidneys and the liver. In addition, atrophy 
of the thymus ** and appearance of hemorrhagic 
foci in the heart muscles, the adrenal cortex and 
the eye,’* as well as irregular changes in the 
spleen, have been described. 

In the experiments I describe, the liver was 
usually enlarged, and its color varied from 
bright yellow to sulfur yellow. Microscopically, 
varying degrees of fatty infiltration were found. 

The kidneys in the acute phase of choline de- 
ficiency were enlarged, their weights being 
markedly increased. The outer surface was pur- 
plish to dark red. The cut section showed the 
cortical portion to have either a uniform purplish 
to dark red color or dark red areas intermingled 


Diets Fed Groups of Young Rats with the Numbers Showing Renal Changes Due to Choline Deficiency 








Hydro- 
Blood genated 
Casein Fibrin Peanut Cottonseed 
Diet No.* (Smaco) (Difco) mealt Oil (Crisco) 
eeeCeeaceoncoseces 8 - oe 20 
pe sptevescccoseese oe 8 “e ae 
Gacovevccouccoteccs 6 oe 30 ee 
Meeubnedehandnaas 6 ee 30 
Milisedcesptuanetees 6 ee 30 
DO Séccsvesesbides 6 de 30 
Sa ae es - 30 
poesedeossesseesee ee ee 30 
bg epecseccqosoee ee ee 30 
sbhualbdeuddate cde os a 30 
bmeseccesesooceoe ee ee 30 





Salt Animals 
Mixture Showing 
No. 2 Animals Renal 

Lard Saccharose USP XII _ 1-Cystine Used Changes 
ws 67.8 4 0.2 12 8 
ab 67.8 4 0.2 7 5 
6 5 4 ai 52 8 
6 53.9 4 0.1 6 0 
6 53.7 4 0.3 7 2 
6 53.6 4 0.4 6 0 
6 60 4 om 18 6 
6 59.9 4 0.1 G 2 
6 59.8 4 0.2 7 2 
6 59.7 4 0.38 14 7 
6 50.4 4 0.4 7 1 
























+ This was prepared according to Engel and Salmon.* 


acetone for twenty-four hours, the tissue was trans- 
ferred to absolute alcohol. After twenty-four hours it 
was brought into xylene for only two hours and 
embedded in paraffin in the usual way. The incubation 
mixture, prepared freshly each time, consists of 12 cc. 
of a buffer solution (fa 5.1; prepared by mixing 100 cc. 
of molar sodium acetate and 30 cc. of molar acetic acid), 
6 cc. of a 3.2 per cent solution of the previously 
described sodium glycerophosphate, 5 H:O and 10 cc. of 
tenth-molar lead nitrate in 100 cc. of distilled water. 
The slides were left for twenty-four hours in this solu- 
tion in the incubator at 37 C. Regular and even 
enzymatic action was observed in most of the slides 
after this time. Occasionally, only focal staining was 
obtained. In these cases incubation for forty-eight 
hours leads to satisfactory staining in most instances. 
However, under these circumstances the intensity of the 
formed lead sulfide deposits frequently obscures the 
cellular structures. As a counterstain, a 1 per cent 
aqueous solution of basic fuchsin was used. 


RESULTS 


The changes in animals suffering from acute 
choline deficiency and in those surviving the 


14. Wolf, A.; Kabat, E. A., and Newman, W.: Am. 
J. Path. 19:423, 1943. 


*In addition each animal received daily 20 micrograms of thiamine hydrochloride, 20 micrograms of riboflavin, pyridoxine 
hydrochloride and 100 micrograms of calcium pantothenate and weekly 1 drop of cod liver oil. 


with yellowish and pinkish ones. The medulla 
had a grayish-pinkish appearance. The micro- 
scopic sections showed a characteristic picture 
(fig. 1A). The most prominent feature was 
extensive necrosis of the tubules in the cortex. 
In some kidneys “these changes occurred in most 
of the cortical tubules, while in others the com- 
plete necrosis was more patchy. The outline of 
the necrotic tubules was still distinct, although 
in some areas the tubular structures had been 
replaced by conglomerated amorphous debris. 
Foci of infiltration by polymorphonuclear leuko- 
cytes were seen in necrotic areas. Many of the 
non-necrotic tubules showed degenerative changes 
in the cytoplasm and occasionally fragmentation 
of the nuclei. In one kidney many of the tubules 
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showed degenerative changes but no complete were found only after careful search. The com- 
necrosis of their cells. A moderate number of pletely necrotic tubules showed no evidence of 
mitotic figures were seen in the tubules showing any attempted regeneration of cells. 

degenerative changes. In none of the kidneys Slightly granular but mostly homogeneous 
were they numerous, and in some sections they acidophil material in the form of casts was 





Fig. 1—A, cortical portion of the kidney in acute choline deficiency, showing extensive necrosis of cortical 
tubules and marked hyperemia of interstitial tissue. Hematoxylin and eosin; x 66. 8B, cortical portion of the 
kidney in subacute choline deficiency, showing remnants of necrotic tubules near the markedly thickened capsule 
and many atrophic tubules. Hematoxylin and eosin; x 66. C, alkaline phosphatase activity in a kidney of a 
normal young rat. The sites of enzymatic activity stain black. The glomeruli show faint staining. x 53. 
D, alkaline phosphatase activity of the kidney in acute choline deficiency. Marked depletion of the cortical 
tubules is seen. The glomeruli show prominent staining. Xx 53. 
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found in some of the convoluted tubules and 
Henle’s loops and was most prominent in the 
collecting tubules in the medulla. The epithelium 
of the collecting tubules was not damaged. In a 
few slides a considerable number of mitotic fig- 
ures were seen in the epithelium of the collecting 
tubules. There was an accumulation of extrav- 
asated blood between the connective tissue of 
the capsule and also between the capsule and the 
outer surface of the cortex, extending into the 
cortical substance proper. Intense hyperemia of 
the tissue between the tubules and the glomeruli 
was seen in many areas. The capillaries were in- 
tensely congested. Extravasation of blood had 
apparently.occurred in many places. It was fre- 
quently difficult to ascertain whether blood cor- 
puscles were still lying inside or were already 
outside the capillaries. In addition, edema of 
the interstitial tissue was prominent. In a few 
of the kidneys there was only intense congestion 
in the capsule and the cortex. No tubular dam- 
age was seen. The majority of the glomeruli did 
not show any significant changes. Occasionally, 
in necrotic portions of the cortex, single glomer- 
uli showed congestion of the loops and even 
complete necrosis. In agreement with Gyorgy 
and Goldblatt, no significant changes in larger 
and smaller vessels were seen. 

Animals which were killed or which died after 
they had been maintained on the experimental 
diet for more than fifteen days showed changes 
which were designated by Gyérgy and Goldblatt 
as subacute or presumably in the healing stage. 
Grossly the kidneys were of about normal size or 
even smaller than kidneys of normal animals of 
the corresponding age group. The outer surface 
frequently had a mottled appearance. Brownish 
areas were intermingled with grayish ones. The 
microscopic sections (fig. 1B) showed no evi- 
dence of acute congestion or hemorrhage. Macro- 
phages containing a golden yellow pigment were 
observed in the capsule as well as scattered in 
the cortical portion of the kidney. The pigment 
gave a distinct iron reaction. The appearance 
of the cortex was distinctly different from that 
seen in normal controls. Many of the tubules 
were atrophic and showed a markedly reduced 
amount of cytoplasm, while the nuclei appeared 
to be fairly normal, and only an occasional mi- 
totic figure revealed regenerative changes. These 
tubules had apparently lost their specific appear- 
ance and could be diagnosed only by their loca- 
tion as, for example, convoluted tubules. Un- 
evenly distributed in the cortical substance were 
small clusters of normal tubules. In some areas 
a few necrotic tubules were still visible. In other 
areas, mainly near the capsule, the original struc- 
ture of the cortex was completely destroyed, and 
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only amorphous debris was seen. There was 
calcification in these: areas in several instances. 
There was marked condensation of the connective 
tissue stroma surrounding the atrophic tubules. 
The increase in stroma, however, was due not 
only to condensation but to proliferation of the 
connective tissue. An increase in connective tis- 
sue was seen in the capsule, beneath the capsule 
and extending into the cortical substance proper. 
This was especially distinct with Masson’s tri- 
chrome stain. Some of the tubules contained 
hyaline casts, although the number of casts was 
markedly less than in acute deficiency. Occasion- 
ally a tubule in the medulla was dilated by a 
larger cast and its epithelium flattened. The 
glomeruli were fairly normal. They appeared to 
be more crowded owing to the atrophy of the 
surrounding tubules. No significant changes 
were seen in the vascular system. In some of 
the kidneys the atrophic changes in the tubules 
and the proliferation of connective tissue were 
only focal, being unevenly distributed in the 
cortical substance, while most of the tubules had 
a normal appearance. 

Alkaline Phosphatase—The kidney of the 
normal young rat shows a distribution of 
alkaline phosphatase similar to that described by 
Takamatsu,*” Gomori,’® Kabat and Furth ** and 
Bourne *° (fig. 1 ©). Most prominently stained 
are the proximal convoluted tubules and occa- 
sionally the descending limbs of Henle’s loops. 
The staining was most distinct at the brush 
border, but it was frequently found all over the 
cells. The nuclei showed evidence of phosphatase 
activity. There was no staining of the distal 
convoluted and collecting tubules. There was a 
varying amount of phosphatase activity in the 
capillaries of the medulla, while all other struc- 
tures in the medulla with the exception of the 
pelvic epithelium showed none. the 
larger arteries showed staining in the adventitia. 
A varying degree of phosphatase activity was 
seen in the glomeruli. This is contrary to the 
statement of most observers, who found phos- 
phatase activity only in the glomeruli of the cat *” 
and the chicken.** However, Kabat and Furth ™” 
observed phosphatase activity in the glomeruli 
of the mouse kidney. They described no staining 
in the parietal cells of Bowman’s capsule if the 
epithelium was flat, but marked staining if it was 
high cuboidal. They found no phosphatase in the 
epithelium covering the glomerular loops and 
traces in the vascular epithelium of the glomeruli. 


Some of 
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I found in my normal material a varying de- 


» gree of phosphatase activity. In the majority of 


cases there was only faint staining in all the nuclei 
composing the glomerulus, while the parietal 
layer of Bowman’s capsule showed no staining. 
In some cases, however, there was marked evi- 
dence of phosphatase activity in the glomeruli, 
the nuclei as well as the capillary loops being 
stained. There was no phosphatase activity in 
the branches of interlobular arteries even in 
those instances in which there was marked evi- 
dence of phosphatase activity in the glomeruli. 
An occasional afferent vessel showed slight stain- 
ing of its wall. 

With acute choline deficiency there was marked 
reduction of phosphatase activity in the convo- 
luted tubules (fig. 1 D). In many areas only an 
occasional convoluted tubule or a group éf these 
structures would stain while all the surrounding 
tubules were devoid of alkaline phosphatase. 
The degree of reduction in enzymatic activity 
was somewhat varied in different cases and also 
in different sections of the same kidney. It was, 
however, distinct in every field examined. Some 
of the casts filling the tubular system showed 
staining ; however, the majority were free from 
phosphatase activity. Completely necrotic tubules 
showed almost no evidence of alkaline phospha- 
tase. Occasionally there was diffuse staining of 
the necrotic cells, as described by Hepler, Sim- 
onds and Gurley ** in kidneys poisoned by mer- 
cury bichloride and by Breedis, Flory and 
Furth * in kidneys poisoned by uranium nitrate. 
The reduction of phosphatase activity was 
marked in many of the tubules which had not 
undergone complete necrosis but which showed 
in hematoxylin-eosin stains marked degenerative 
changes in their cytoplasm. In some of these 
tubules there was staining of the nuclei. In sev- 
eral cases the phosphatase activity of the glomer- 
uli was as strong as in most control cases that 
showed such activity. In several others there 
seemed to be an increase in the phosphatase of 
the glomeruli. A similar increase was also no- 
ticed in the branches of the interlobar arteries and 


-y afferent vessels. 


With subacute deficiency similar changes were 
observed (fig. 2A). The glomeruli revealed in 
most instances strong phosphatase activity. The 
parietal epithelium of the capsule of Bowman 
was usually only faintly stained. However, the 
visceral epithelium showed marked activity, as 
did the capillary loops. Occasionally the whole 
glomerulus was so diffusely stained that no dis- 








21. Hepler, O. E.; Simonds, J. P., and Gurley, H.: 
Proc. Soc. Exper. Biol. & Med. 44:221, 1940. 

22. Breedis, C.; Flory, C. M., and Furth, J.: 
Path. 36:402, 1943. 
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tinct cell structures could be made out. The 
activity in afferent vessels, as well as in the in- 
terlobular arteries in the cortical region of the 
kidney, was pronounced, although not every ves- 
sel showed phosphatase activity. The phospha- 
tase was apparently localized in the endothelial 
cells and also in the walls of these vessels (fig. 
2B). The reduction of phosphatase in the con- 
voluted tubules was even more distinct than in 
cases of acute deficiency. Only the convoluted 
tubules that showed a normal appearance in the 
hematoxylin-eosin stains gave a normal phos- 
phatase reaction. The atrophic tubules in the 
cortex showed no phosphatase activity in the 
cytoplasm, while there was occasional staining 
of the nuclei. An occasional cast showed slight 
phosphatase activity. In some kidneys the reduc- 
tion of the phosphatase was focal, corresponding 
to the otherwise normal appearance of these kid- 
neys in the routine sections. 


Acid Phosphatase-—Gomori*® found the ac- 
tivity of acid phosphatase in the kidney much less 
uniform than that of alkaline phosphatase. Wolf, 
Kabat and Newman,"* using their improved 
method, found the kidneys showing acid phos- 
phatase much more often than had been stated. 
My observations on the kidneys of normal young 
rats agreed well with these later observations. I 
found thé distribution quite regular in the kidneys 
of normal young rats (fig. 2C). The staining 
was much more pronounced in the cortex than 
in the medulla. There was intense staining of 
all the tubules of the cortex, with both the nuclei 
and the cytoplasm showing marked evidence of 
acid phosphatase activity. The glomeruli showed 
some staining in the nuclei of the capillary loops 
as well as in their epithelial cells. The intensity 
of the reaction of the glomeruli was somewhat 
varied. There was moderate nuclear staining in 
the cells of the collecting tubules, while the cyto- 
plasm was only occasionally stained. The 
branches of the larger arteries as well as the 
branches of the interlobar arteries and afferent 
vessels showed only faint staining of the nuclei 
of the muscular layer. If the incubation of slides 
in the buffer phosphate solution was prolonged 
to forty-eight hours, the staining frequently be- 
came so intense as to obscure detailed structures. 
In these slides there was marked staining in the 
glomeruli as well as in the cells composing the 
excretory tubules in the medulla. Here the 
cytoplasm stained frequently although far less 
intensely than in cells of the tubular system situ- 
ated in the cortical portion of the kidney. 

With acute choline deficiency there was marked 


diminution of acid phosphatase activity (fig. 2 D) 
in the tubules of the cortex. This depletion was, 
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however, not so extensive as that seen in slides 
stained for alkaline phosphatase. It was most 
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terial, obviously originating in destroyed cells, 
was seen lying in the lumens of these tubules. 





Most of the casts in the excretory. ducts, 


marked in the outer portion of the cortex. The 
however, did not show any acid phosphatase ac- « »> 


tubules located near the medulla showed a com- 








Fig. 2.—A, alkaline phosphatase activity of the kidney in subacute choline deficiency. There is nearly com- 
plete depletion of the cortical tubules. The glomeruli show prominent staining. x53. B, subacute choline 
deficiency. The alkaline phosphatase activity of the glomeruli and the small arteries is prominent. The sur- 
rounding convoluted tubules are depleted of phosphatase. Xx 300. C, acid phosphatase activity in a kidney of a 
normal young rat. The sites of enzymatic activity stain black. The tubular system of the cortex shows 
prominent staining. The slide was incubated for twenty-four hours in the buffer phosphate solution. x 53. D, «#(f* 
acid phosphatase activity of the kidney in acute choline deficiency. Reduction of acid phosphatase is most 
pronounced in the tubules situated in the peripheral portion of the cortex. The slide was incubated for twenty- 4 \ I * 
four hours in the buffer-phosphate solution. x 53. 
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tivity. Here it was observed only occasionally. 
Many of the degenerated but not necrotic cells 
in the tubules showed marked reduction of acid 
phosphatase. Frequently, only the nuclei gave a 


paratively normal amount of acid phosphatase. 
In many of the necrotic tubules, desquamated 
epithelial cells stained intensely. Occasionally, 
a large amount of irregular-shaped black ma- 
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, * weak reaction. There were no significant changes 
. ’ in the phosphatase activity of the glomeruli or 
the vascular system. The tubules in the medulla 
showed no change in their staining. 

The picture with subacute and chronic de- 
; ficiency was quite similar. The atrophic tubules 
« ‘}» showed markedly reduced activity. 
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COMMENT 


The introduction of histochemical methods, 
‘which made the determination of the site and the 
* "intensity of cellular enzymatic activities possible, 

. » has opened a new approach for the study of cellu- 

‘ » lar function and disease. So far, most of the 

newly won knowledge is incomplete, and the 

correct interpretation of the experimental data is 
difficult. It can, however, be assumed that the 

« 42 »collection of new facts will soon lead to a more 

|} complete understanding. 

"The normal distribution of alkaline phospha- 
tase in different tissues of various species has 
been established.** The convoluted tubules of 
the kidney and the epithelium of the smail intes- 

, tines contain large amounts of alkaline phospha- 
tase. The absorption of sugar in the small in- 

@ testines and the reabsorption of dextrose in the 

* convoluted tubules of the kidneys involve a simi- 
lar metabolic process. It is probable that in order 
for the sugar to pass through the absorbing epi- 
thelium it has first to be combined with phos- 
phates by specific enzymes and then to be de- 

, phosphorylized.** This explains the accumula- 
tion of alkaline phosphatase in the convoluted 

* tubules of the kidneys and the intestinal mucosa. 

* The well known capacity of phlorhizin to prevent 
reabsorption of sugar in the renal tubules is due 

« to its inhibitory effect on phosphorylation.”* The 
amount of alkaline phosphatase in the histo- 

* chemical preparation is not influenced by phlor- 

» hizin.*¢ 

» The constant histochemical picture of alkaline 
phosphatase activity in the kidney has provoked 

interest in possible changes of this pattern under 
abnormal conditions. Gomori,’® confirming earlier 
~ observations with chemical methods,?” observed 
much reduction of phosphatase activity in human 
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nephritic kidneys. Different nephrotoxic agents 
were used in animal experiments. Hepler, Sim- 
onds and Gurley ** produced nephrosis in dogs 
by administering uranium nitrate, potassium bi- 
chromate and mercury bichloride. None of these 
poisons inactivated the alkaline phosphatase, al- 
though they partially killed the cells of the con- 
voluted tubules. Necrotic and desquamated tubu- 
lar epithelium poisoned by mercury bichloride 
stained diffusely by Gomori’s method for alka- 
line phosphatase. Similar results were obtained 
by Wilmer.?® He found slight or no reduction 
of phosphatase activity of the kidneys of rabbits 
which were treated with racemic acid, mercury 
bichloride, diethylene glycol, uranium nitrate, 
sucrose and phlorhizin. One animal, however, 
had marked reduction of alkaline phosphatase 
activity. The observations of Breedis, Flory and 
Furth ** are at variance. They also found in 
rats and rabbits treated with uranium nitrate 
necrotic cells containing alkaline phosphatase. 
Casts composed of sloughed cells showed much 
alkaline phosphatase. Scattered clusters of ap- 
parently normal convoluted tubules showed the 
usual amount of enzyme. However, the outstand- 
ing histologic change in these kidneys was the 
large number of regenerated and damaged tubules 
which contained little or no alkaline phosphatase. 

The nephrosis which occurs with choline de- 
ficiency has as prominent features extensive 
necrosis and degenerative changes of the cortical 
tubules and hemorrhages in the capsule as well 
as hemorrhages and intense congestion in the 
cortex. Destroyed tubules are replaced by con- 
nective tissue and occasionally are calcified. Many 
atrophic tubules are seen when the deficiency is 
subacute. A tendency to regeneration of damaged 
tubules is evidenced by the increased amount of 
mitotic figures. This regenerative tendency ap- 
pears to be less prominent than that seen in 
nephrosis caused by mercury bichloride** or 
uranium nitrate.2* The histochemical picture 
shows marked depletion of alkaline phosphatase 
in the tubular system. Some necrotic cells oc- 
casionally contain the enzyme, while most of the 
damaged atrophic and regenerating tubules are 
devoid of it. Thus, the picture is similar to that 
described by Breedis and co-workers for uranium 
nitrate poisoning. Wilmer ** noted marked re- 
duction of phosphatase activity in hydronephrot- 
ic kidneys. In the kidneys of rats and rabbits 
the alkaline phosphatase disappeared in two to 
five days after ligation of the ureter. Following 


28. Fahr, T., in Henke, F., and Lubarsch, O.: Hand- 
buch der speziellen pathologischen Anatomie und Histo- 
logie, Berlin, Julius Springer, 1929, vol. 6, p. 217. 

29. Footnotes 13 and 26b. 
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temporary occlusion of the renal artery, ligation 
of the renal veins or permanent partial constric- 
tion of the renal artery there was only slight 
reduction of the alkaline phosphatase activity in 
the kidney. Wilmer interpreted the focal disap- 
pearance of phosphatase which he observed in 
spontaneous focal interstitial nephritis in some 
of the rabbits as due to compression of renal 
tubules by the extensive interstitial cellular infil- 
tration. In the light of this observation one 
might argue that the decrease of phosphatase in 
the rats observed by me was at least partially 
due to blockage of excretory ducts by casts and 
consequent tubular dysfunction. However, the 
amount of casts in the tubules varied markedly 
and was independent of the decrease of phospha- 
tase activity. Dilatation of tubules was not promi- 
nent. In cases of more chronic deficiency most 
of the casts disappeared ; nevertheless the atroph- 
ic and the regenerating epithelium contained 
little phosphatase. Therefore, it seems more likely 
that the loss of phosphatase activity, while pos- 
sibly augmented by tubular dysfunction due to 
blockage in the excretory ducts, is primarily due 
to the cellular changes in the tubules. 


The behavior of alkaline phosphatase in the 
glomeruli and small arteries deserves some com- 
ment. Undoubtedly, the staining of the glomeruli 
appears to be more prominent in contrast to the 


reduced amount of phosphatase in the tubules. 
Therefore, the increase in activity might not be 
objectively true; however, in the cases of sub- 
acute deficiency especially, this increase seems 
real, particularly in the small arteries. The 
prominent phosphatase activity of the vascular 
epithelium has been stressed by Kabat and 
Furth ** and by Bourne.*° It is so constant in 
the vessels of the central nervous system that 
Landow, Kabat and Newman * recommended 
staining for alkaline phosphatase activity for the 
study of the vascular supply of the central nerv- 
ous system. At present it is difficult to under- 
stand why in the choline-deficient kidney phos- 
phatase activity should be increased in the vas- 
cular endothelium. Whether the increase in phos- 
phatase activity in the glomeruli and the small 
arteries signifies increased functional activity of 
these cells or possibly increased formation of 
phosphatase in the vascular system cannot be 
determined at present. In this connection it 
should be mentioned that while the important 
role of alkaline phosphatase for the calcification 
of living or recently necrosed tissue is definitely 
established ** and an understandable theory ex- 


30. Landow, H.; Kabat, E. A., and Newman, W.: 
Arch. Neurol. & Psychiat. 48:578, 1942. 
31. Gomori, G.: Am. J. Path. 19:197, 1944. 
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plaining the large amount of phosphatase in the * 


intestines and the kidneys is available, there is so 
far little explanation for the peculiar distribution 
of alkaline phosphatase in other organs. It has 
still to be explained, for instance, why the normal 
liver contains relatively little of this enzyme in 
spite of the paramount importance of the liver in 
the metabolic processes of the body. 

Acid phosphatase is found in many organs. 
Its distribution is distinctly different from that of 
alkaline phosphatase ; for example, while normal . 
liver contains only traces of alkaline phosphatase, 
it contains a large amount of acid phosphatase. It 
is found in both the nuclei and the cytoplasm, 
being more constantly present in the nuclei of 
many tissues. Therefore, it probably plays some 
role in nuclear metabolism. The increase of acid 
phosphatase in the serum of patients with metas- 
tasizing carcinoma of the prostate is due to the 
release of prostatic phosphatase and is of diagnos- 
tic value.** Bodian and Mellors ** have recently 
shown that acid phosphatase activity increased 
markedly in the cytoplasm of nerve cells in which 
chromatolysis had been produced by section of 
axons. They assume that the increase in activity 
of acid phosphatase is associated with increased 
synthesis or degradation of nucleoprotein. 


So far a specific function has not been attrib- 
uted to the acid phosphatase in the kidney. Large 
amounts of this enzyme can be demonstrated 
mainly in the cortical portion of the kidney. 
While the histochemical preparation gives ‘the 
impression that the acid is at least as high as the 
alkaline phosphatase content, chemical studies 
of the kidneys of rats and mice have shown that 
acid phosphatase is present in much smaller 
amounts.** In nephrotic kidneys the reduction 
of acid phosphatase in the damaged and atrophic 
tubules is marked. Probably it signifies depressed 
cell function as does the decrease in alkaline 
phosphatase. 


SUMMARY 


In the kidneys of young rats showing acute and 
subacute hemorrhagic necrotizing nephrosis due 
to choline deficiency there was marked depletion 
of alkaline phosphatase in the damaged, atrophic 
tubules and some increase in phosphatase activity 
in small cortical vessels and glomeruli. Acid 
phosphatase was similarly though somewhat less 
markedly reduced in the cells of the damaged, 
atrophic and regenerating tubules. 
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Under the term “arteriosclerosis” various 
classifications have been suggested, one depend- 
, ing on the size of the vessel, another on its 
structure, whether it is elastic or muscular, and 
still another on the particular coat of the vessel 


* which is primarily involved, intima or media. 


> 


Since these two coats differ fundamentally in 
nature it is reasonable to anticipate essential 
differences in the lesions arising in them. But 
when the same structure, the intima, is primarily 
involved and the distinction depends only on the 


» size of the vessel, there appears to be no reason 


o 


for anticipating any essential difference. Is there 
then a common factor in the intimal changes 
that are found in the aorta and those in small 


* vessels like the arterioles? 


A view widely accepted places the original 


« site of atheromatous changes in the subendo- 


* 
2 


a 


“ ® terioration. 


+ 
» 
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thelial tissues. Since no such tissue exists in 


the small arterioles, no such change is possible. 


If the aforementioned view is true, it follows 
that arteriolosclerosis must be different from the 
sclerosis of large vessels. If, however, the initial 
changes occur in the endothelium, there is no 
reason why the arteriosclerotic process should 
differ essentially in the two types of vessels. 
That this is not impossible is suggested by ob- 
servations made on the brain of a 45 year old 
Negro who died with symptoms of mental de- 
Unfortunately, only parts of the 
brain including the basilar artery were sent in 
for examination. In sections of these parts cer- 
tain suggestive appearances were noted. The 
sections were compared with similar sections 
from other cases of arteriosclerosis to establish, 


~ if possible, a wider basis for any conclusions. 


In the choroid plexus of the lateral ventricle 
a small artery appeared (fig. 14), which was 
completely filled by large pale foamy cells, most 
of which showed eccentric nuclei. At first sight 
it appeared that these cells might be histiocytes 


» » filled with a fatty substance which in the micro- 


scopic sections was dissolved out by the alcohols 
and clearing fluids. Such foamy cells are not 
unknown to pathologists—they have been seen 
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in the intimal tissues of arteries of different size 
and have received various names, “foam cells,” 
“lutein-like cells,” “lipoid cells,” “cholinester 
phagocytes,” “xanthoma cells.” They have been 
described as common histiocytes or monocytes 
loaded with fat. One finds them identified as 
Kupffer cells (Leary*), and it is possible that 
the cells which Pollak and Ziskind? described 
as liver cells in the brain are identical with these 
foamy cells. Sheehan * saw them in the walls of 
arteries in organs which had been irradiated with 
roentgen rays or radium. He interpreted them 
as phagocytes. 

Closer study of the various small arteries in 
the sections of this brain showed that the cells 
in question lay in direct contact with the internal 
elastic lamina and that between these cells and 
the elastic lamina no other cells, and specifically 
no endothelial cells, were to be seen. Where the 
internal elastic layer had disappeared the foam 
cells lay in direct contact with more external 
layers. This appearance was certainly not an 
artefact, and it is equally certain that no endo- 
thelial nuclei were overlooked. 

Another fact appears significant. There was 
a gradual transition from elements which were 
unmistakably endothelial cells by way of less 
characteristic cells to typical foam cells (fig. 
1B). Thus it appeared that the foam cells were 
not embolic liver cells, not wandering histio- 
cytes filling the lumen of the vessel, but sessile, 
though swollen, endothelial cells. 

About the same time I was studying a case of 
hemangioblastoma of the cerebellum, a typical 
example of Lindau’s disease, with a concomitant 
tumor of the kidney and a cyst of the epididymis. 
It struck me that the endothelial cells of the 
cerebellar tumor closely resembled the foam cells 
which filled the lumens of the arterioles of the 
Negro’s brain. The lining cells of the vascular 
spaces of hemangioblastoma frequently show a 
peculiar form resembling the activated histiocyte. 

It may be appropriate to quote here opinions 
of other authors as to the possibility of the 
vascular endothelial cells developing a histiocytic 


1. Leary, T.: Arch. Path. 32:507, 1941. 

2. Pollak, O., and Ziskind, J. M.: J. Nerv. & 
Ment. Dis. 98:648, 1943. 

3. Sheehan, J. F.: Arch. Path. 37:297, 1944. 
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appearance, the question of functional identity 
being intentionally left aside. Thus Cushing and 


Bailey,* in describing their case xxi (hemangio- 
blastoma), wrote: 


Further study shows that the hypernephroma-like 
cells really contain large amounts of lipoid. 
They are doubtless swollen endothelial cells for a 
gradual transition may be seen. It is easy to 
follow the transformation of the endothelial cells of 
the capillary network into the swollen fat laden inter- 
vascular cells. 





Fig. 1—A, blood vessel of the choroid plexus, occluded by foam cells, Delafield’s hematoxytn-eosin; unre- 


B, two blood vessels 
One endothelial cell 
x 


touched photomicrograph; x 450. 
hyaline degeneration of the wall. 
hematoxylin-eosin; unretouched photomicrograph; 


Bailey and Ford,’ describing the histologic ap- 
pearance of cutaneous hemangioma, wrote: 


The phagocytic cell nuclei are identical with those 
in the endothelium in the blood vessels of the tumors. 
Occasionally some of the pigment is taken up by endo- 
thelial cells while still in their usual location about the 
vascular lumina. For these reasons, it appears that the 
phagocytes are of endothelial-cell origin. ae 
few of the endothelial cells of still patent capillaries 
pick up fat, at first in small droplets and later in 
amounts sufficient to occupy most of the cytoplasm. 

The occlusion of blood vessels resulting from 
the increase in stroma is accompanied by an accumu- 


4. Cushing, H., and Bailey, P.: Tumors Arising 
from the Blood Vessels of the Brain, Springfield, IIL, 
Charles C Thomas, Publisher, 1928. 

5. Bailey, O. T., and Ford, R.: Am. J. Path. 18: 
1, 1942. 
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lation of lipoid material and hemosiderin in phagocytic * 
cells of endothelial origin. ‘ 
Against the view that the foam cells in human 
and experimental arteriosclerosis are modified « 
endothelium are the statements of Klotz* and 
Anitschkow.’ The former spoke of endothelium-* 


like or lutein-like ceils but stated that d 


it is not probable that these lutein-like cells have an “ 
association with the lining endothelium of the blood 
vessels. Their nuclei are smaller and stain more 
intensely and the protoplasm is decidedly more granular. 





of the lenticular nucleus, filled with foam cells. Notee ~« a » 
(a) is being transformed into a foam cell. Delafield’s 
400. 4 > 
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But the same author * admitted that 


the lining endothelial cells may first show deposits of 


fine or coarsely granular fat in their substance. 

. - . . “** - w 4 
Anitschkow* discussed the possibility of an 
endothelial origin of “lipoid cells,” saying: . 


these cells might originate either from the endothelial * s 
cells of the artery concerned. 


But in his personal opinion *\¢ 
endothelial cells cannot be involved, because throughout | V4 o 
the entire process in all its stages they form a simple 

and single layer of flat cells overlying the surface of x 
the changed parts and they do not contain any lipoid - » 


6. Klotz, O.: J. M. Research 31:409, 1914-1915. 
7. Anitschkow, N., in Cowdry, E. V.: Arterio- 

sclerosis, New York, The Macmillan Company, 1933. 
8. Klotz, O.: J. M. Research 32:27, 1915. 
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into foam cells is possible. 
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globules. No transitional forms are to be found be- 
tween them and the lipoid phagocytes. 

More recently Hueper® has shown in an ex- 
perimental way that endothelial cells may trans- 
form into foam cells. 

Returning to my own observations, I believe 
that it can be shown that endothelial cells may 
undergo a fatty metamorphosis into lipoid cells 
(foam, lutein or xanthoma cells). This appears 
clearly in figure 1 B. The expressed assumption 
is based on the fact that no endothelial cells 
intervene between the cells filling the lumen and 
the elastica interna or media. In addition, 
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formation is dedifferentiation or simply fatty de- 
generation will be discussed later. 

Since conclusions based solely on observations 
of cerebral vessels might not apply to vessels in 
other parts of the body, it was necessary to in- 
vestigate the processes of endothelial transforma- 
tion in vessels of other regions. In the same 
case which served to illustrate the changes in 
cerebral arterioles, the basilar artery was also 
examined. Without difficulty arteriosclerotic 
changes were detected, and many clusters of 
foam cells were seen (fig. 2.4), whereupon other 
arteriosclerotic basilar arteries as well as coro- 





Fig. 2.—A, foam cells in the thickened intima of the basilar artery. 


photomicrograph; x 200. 
penetrating into the media. 


transitional cells showing all stages between 
endothelial cells and foam cells are found with- 
out difficulty. 

If the foam cells were embolic liver cells or 
embolic cells of any kind, or simply wandering 
histiocytes, a regular endothelium should be 
found lining the wall and surrounding the masses 
of foam cells. It is not always present. 

A comparison of the foamy endothelial cells 
in the blood vessels of hemangioma with the foam 
cells of atheromatous vessels justifies the con- 
clusion that a transformation of endothelial cells 
Whether this trans- 


9. Hueper, W. C.: Arch. Path. 34:883, 1942. 


Mallory’s acid hematoxylin; unretouched 


B, breach in the elastica interna of the basilar artery, with tissue of the intima 
Mallory’s acid hematoxylin; unretouched photomicrograph; x 75. 


nary arteries and aortas were examined with 
the special object of ascertaining the origin of 
the foam cells so easily seen in the thickened 
layers of the intima. As a matter of fact, once 
attention has been directed to the possibility of 
an endothelial origin of the foam cells, it is not 
difficult to trace through transitional stages their 
development from this source. 

In several places I was able to observe nuclear 
changes pointing to division of the endothelial 
cells and even of their daughter cells. It is clear 
that one cannot always expect to find easily evi- 
dence of such cell division and that in some 
sections it may be completely lacking. The 
development of arteriosclerosis takes years and 
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even decades, and it is not surprising to find 
that in some cases and in some areas the prolif- 
eration of the endothelium may temporarily 
come to a complete standstill. Nevertheless, in 
all cases examined I found areas in which the 
process was sufficiently active to be followed 
under the microscope. The nuclei of the lining 
endothelium show central unilateral or bilateral 
constriction perpendicular to the long axis of the 
oval nucleus. This constriction produces a 
dumbbell form with a stretched or curved long 
axis. In other cells two small nuclei may be 
seen in close apposition. There are no signs of 
mitosis, and the conclusion seems warranted 
that in the one instance the altered endothelial 
nucleus is in a stage of amitosis and that in the 
other the nucleus has just undergone amitotic 
division. Underneath the lining endothelium 
are cells with clear protoplasm and an oval “en- 
dothelial” nucleus the long axis of which is 
parallel to the lining surface. These cells are 
probably identical with those which Klotz ® 
called “endothelial-like cells” and which in my 
belief are direct descendants of the surface endo- 
thelium. 


In sections stained with Mallory’s acid 
hematoxylin or Heidenhain’s iron-hematoxylin 
the vessel lining contains numerous cells show- 
ing cytoplasmic inclusions of finely granular 
material, situated at ‘the nuclear poles. With 
some other stains (for example, basic fuchsin for 
hemofuscin, potassium ferrocyanide—hydrochlo- 
ric acid for iron, the Foot-Hortega silver stain 
and Delafield’s hematoxylin) few, if any, granules 
are observed. From these staining reactions it 
may be assumed that the granules are some sort 
of pigment related to, but not identical with, 
the lipofuscins of heart and nerve cells. 

Likewise in other than cerebral vessels it was 
possible to follow the “fattening” of the cells 
which are apparently descendants of the lining 
endothelial cells and which ultimately become 
foam cells. It was easily seen that in many but 
certainly not in all these cells, together with the 
“fattening” of the cytoplasm, a shrinking of the 
nucleus occurs. In the larger vessels the fat- 
laden cells frequently lie so close together that 
they resemble young adipose tissue. Some of 
the fattened cells have lost their fatty contents 
either during life or during the preparation of 
the section and present cavities in the cytoplasm. 
Ultimately the older cells lying close to the in- 
ternal elastic lamina break down to form a 
structureless fatty mass or they become trans- 
formed into a peculiar pale substance which 
shows a faint fibrillar structure, in which a few 
may still be recognized. In its turn this cell 
ghosts substance may undergo a lipoid meta- 
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morphosis with the appearance of cholesterol 
crystals. 


In the basilar artery of the Negro as well as in 
several control cases another feature appeared 
which seemed to be worth an attempt at histo- 
logic analysis. In several places under the endo- 
thelial lining connective tissue cells of the thick- 
ened intima are seen. This is neither surpris- 
ing nor a new discovery. Yet most of these 
cells present certain features which tend to dis- 
tinguish them from the common fibroblast. They 
are star shaped, their numerous processes are 
fibrillar, and extracellular fibers, if present, are 
not clearly visible. The cells and their proc- 
esses are embedded in a pale-staining, slightly 
basophilic homogeneous ground substance (fig. 
3 B). In this ground substance which fills up 


the spaces ,between the divergent cell processes . 


lie small round cells, possibly lymphocytes, and 
mesodermal star-shaped cclls undergoing amito- 
tic division (fig. 3 A). As to the nature of the 
star-shaped cells, it seems to me_ that 
they are identical with those cells of the 
intima which Klotz * named “stellate connective 
tissue cells” arid described as showing “a mesh- 
work with fairly wide spaces, looking not un- 
like the fibrous tissue cells of cultures in vitro 


” 


Unfortunately, Klotz did not try to identify 
these cells with any type known to occur in the 
human body or to describe them as cells sui 
generis. I believe that from a morphologic 
point of view these star-shaped cells cannot but 
be regarded as related to, or identical with, re- 
ticular cells and even mesenchymal cells. In 
numerous sections of the basilar artery, however, 
it was possible to follow the gradual transfor- 
mation of endothelial cells into these star-shaped 
subendothelial cells, which therefore are to be 
classified as endothelial descendants just as were 
the foam cells. In view of the resemblance to, or 
identity with, reticular or mesenchymal cells, 
they might be regarded as dedifferentiated de- 
rivatives of endothelium. 

The star-shaped cells occur in large groups or 
plaques showing different degrees of differenti- 
ation or, more accurately, dedifferentiation. (It 
occurred to me, though I do not wish to put it 
forward as a general rule, that where groups of 
undifferentiated, or dedifferentiated, connective 
tissue cells were associated with foam cells the 
former lay inside the masses of foam cells. So 
far, however, I have been unable to find inter- 
mediate stages and to trace a transition between 
these two types.) Finally, the fine fibrillar in- 
tercellular material increases, and the star cells 
become fewer, so that the picture soon begins to 
resemble the finely fibrillar substance formed 
from the foam cells. Moreover, as in the latter 





« _ 
4 > 
4 
« ¢ ‘ 
4 
4 , 
< > 
- 
> 
. *. 
“ a 
bl 
- a 
s . 
. o 
* 
« a 
a 
* o 
7 
. 


os 











4 > 
4 o 
» > 
a 7 
” » 
4 . 
4 > 
4 > 
> a 
« 4 e 








ALTSCHUL—HISTOLOGIC 


substance, an atheromatous disintegration may 
occur and cholesterol crystals may appear. 

In the basilar artery of the 45 year old Negro 
(fig. 2B) and less clearly, in other cases, foam 
cells and mesenchymal cells appeared to have mi- 
grated through the broken internal elastic lamina 
into the media and through the latter even into 
the adventitia. In these places, although the elas- 
tic layer was broken, it showed no longitudinal 
splitting. It is difficult to prove actual migration, 
but the extension of groups of foam cells and of 
mesenchymal cells into abnormal situations, fre- 
quently in close topographic relation to the 
breach in the elastic lamina, appears to justify 
such an assumption. Leary '® too mentioned a 
“focal invasion of the media by lipoid cells,” and 
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collections of more or less “fattened” foam cells. 
It seems likely that the foam cells became im- 
mured by developing a fibrillar substance around 
themselves, while the vessel itself may or may 
not be occluded. Here then are two groups of 
foam cells, the individual cells being separated 
by a fine fibrillar substance. One group lies 
within the lumen of the vessel and blocks it; the 
other is embedded in the wall. That they are 
identical and continuous could be confirmed by 
finding transitional stages and by serial sections. 
The fibrillar substance of small vessels, probably 
produced by the foam cells or by cells which are 
transitional between them and the vascular endo- 
thelium, frequently undergoes hyaline degener- 
ation (fig. 1 B). 





Fig. 3.—A, mesenchyma-like tissue in the thickene 1 intima of the basilar artery. 
between processes of larger cells. _Delafield’s hematoxylin-eosin; unretouched photomicrograph; x 184. 
mesenchyma-like tissue in the thickened intima of the basilar artery. 


photomicrograph; x 276. 


Hueper,® a “foam-cellular thickening of the in- 
tima with beginning invasion of the media.” 
it should be true, this fact would strengthen the 
view that in this process one is dealing with a 
very young tissue showing a migratory tendency 
and a certain degree of aggressiveness. 

The presence of cells which appear to be 
poorly “fattened” endothelial cells within the 
lumens of some of the smaller cerebral arteries 
deserves attention in that it appears to link to- 
gether the atheromatous changes of the great 
vessels and the changes occurring in vessels of 
very small caliber. These poorly fattened cells 
seem to develop a pale fibrillar substance which 
may completely fill the lumen of the vessel and 
may later be transformed into, or replaced by, 
coarse fibrous tissue. In addition, one sees em- 
bedded in the thickened walls of other vessels 


10. Leary, T.: Arch. Path. 17:453, 1934. 





Note the dark nuclei 
(B), 


Iron-hematoxylin-eosin; unretouched 


I was able to find in two small arteries (fig. 


If- 4A and B) a degeneration of the thickened sub- 


endothelial layer which gave the impression of an 
initial atheroma, although no cholesterol crystals 
were seen. In one of the two arteries (fig. 
4 A) this subendothelial disintegration lay close 
to a group of foam cells. Whether the disinte- 
grated material was originally cellular or inter- 
cellular cannot be determined now. In any 
event, in these 2 instances, at least, the break- 
down of the proliferated subendothelial layer 
tends to link the atheromatous changes of large 
vessels with the arteriosclerotic lesions of very 
small arteries. 

In only a few instances so far have mesen- 
chymal (star-shaped) cells been found in a rel- 
atively small artery, increasing the thickness of 
the intima and narrowing the lumen. No 
source for these cells other than the endothelium 
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could be detected. However, the fact that this 
transformation was clearly seen but a few times 
precludes any definite conclusions. 

In some sections from the basal ganglions and 
the pons Variolii of the Negro there is a some- 
what confusing picture. Small foci containing 
numerous histiocytes or compound granular cells 
and small blood vessels might at first sight be 
interpreted as malacia. But a thorough investi- 
gation and especially the use of a silver stain to 
bring out reticular fibers (fig. 4 C) show that 
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pearance has been seen only once, too much 
weight cannot be placed on it. The presence of 
foam cells between capillaries which are them- 
selves lined with foam cells is similar to the 
microscopic picture seen in hemangiobiastoma. 
Even the occurrence of yellowish pigment in the 
foam cells of hemangioblastoma has been de- 
scribed (Bailey and Ford *). 

However, it is hard to accept the phagocytic 
activity of these emigrated foam cells since they 
were already filled with fat when they began 





Fig. 4.—A, detritus formation (atheroma?) in a ne rly completely occluded vessel of the lenticular nucleus. 
There are some faint-staining foam cells on the left side. Delafield’s hematoxylin-eosin; unretouched photo- 


micrograph; x 200. B, detritus formation (atheroma?) 


in a vessel of the lenticular nucleus, more advanced 


than in A. Mallory’s acid hematoxylin; unretouched photomicrograph: x 225. C, lenticular nucleus. Note 
the course of reticular fibers, indicating newly formed capillaries, lined by foam cells. Foot-Hortega silver 
method, with acid fuchsin counterstain; unretouched photomicrograph; x 100. 


many of these apparent histiocytes are lining the 
capillary walls. There are, however, other 
histiocytes, all of them foamy, which are scat- 
tered between adjacent capillaries or in the 
nerve parenchyma proper. The content of these 
foam cells is variable; many of them contain a 
yellow or brownish iron-free pigment. In one 
place in the pons, there is a capillary lined with 
foamy cells, and from it foam cells can be seen 
passing out into the parenchyma. As this ap- 


their emigration and probably would be unable 
to participate in cleaning up the parenchyma. 
After careful consideration of all the facts, I 
believe that in the present case the capillary pro- 
liferation should not be regarded as a vascular 
reparative response to an antecedent parenchymal 
change. The numerical increase is simply a fur- 
ther manifestation of a regressive reaction ac- 
companying other vascular changes. The extra- 
vascular foam cells no longer form lumens and 
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have lost that innate property. Thus the picture 
appears to combine angioblastic activity (the 
numerical increase of capillaries) with loss of 
differentiation on the part of the extravascular 
foam cells. 


» 


COMMENT 


From the evidence presented it would appear 
that the endothelial cells lining arteries of all 
sizes, and even capillaries, are the progenitors of 
foam cells as well as of cells which morphologi- 
cally closely resemble mesenchymal or reticular 
cells if indeed they are not identical with them. 
The intima of the larger arteries shows an addi- 


+ tional feature not clearly seen in the smallest ves- 


sels, namely, thickening of the intima with conse- 
quent narrowing of the lumen. This thickening in 
the cases reported here may be traced to (a) a 
>numerical increase of cells originating from the 
endothelium, (>) an enlargement of the cells 


. " ° ” £ 
, (‘fattening,” foam cells), (c) a development of 


cell processes and fibrils (mesenchymal and 
reticular cells) and (d) an increase of the inter- 
cellular ground substance. When in arterioscle- 
,rosis the lumen of the vessel decreases in size, 
one must assume either a reduction in the number 
of endothelial ceils lining the vessel or a decrease 


- * in their size. Although the first alternative ap- 
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pears more likely, there is no reason why the 
two should not be combined. The numerical 
reduction is probably caused by migration of a 
certain number of endothelial cells into the sub- 
, jJacent layers. 
The change in appearance which occurs when 
endothelial cells become displaced into the sub- 


* endothelial layer and lose their function, which 


is to line blood vessels, might be regarded as a 
regression, a dedifferentiation. The fatty met- 
amorphosis of the former endothelial cells could 
*be explained as degeneration. It might be as- 
sumed that the endothelial cells become trans- 
into histiocytes, although such an 
assumption would still have to account for the 
source of the fat. The most probable explanation 
of this would be to assume that the histiocytes 
-collect their fat from the blood and the intimal 
intercellular substance, a view dear to many as 


* explaining the development of arteriosclerosis. 
q 


In my opinion the formation of the foam cells 
and the formation of the mesenchymal and reticu- 
lar cells have to be considered together. The 


» #4ppearance of the latter suggests that the process 


is dedifferentiation. This view could then be 
tentatively applied to the formation of the foam 
cells, which are derived from the same source. 
In their case the resemblance to, if not the actual 
identity with, the foam cells of hemangioblastoma 
increases the plausibility of an endothelial origin. 
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In this connection it might be well to refer to 
Goodpasture’s ** view regarding senescence, de- 
differentiation and tumor formation. 

The next stage of atheromatosis in the larger 
vessels is the disintegration of the foam cells. 
After swelling or shrinking of the nucleus, the cell 
breaks down either directly or after preliminary 
vacuolation. In any case its contents help to form 
the atheroma proper. But two other stages were 
also seen. In one stage the foam cells did not 
show marked enlargement before breaking up, 
so that it was difficult to distinguish them from 
the cells of the thickened intima and to identify 
them as foam cells. The other stage showed no 
direct transformation of foam cells into athero- 
matous masses. Instead they were converted 
into an intermediate pale-staining fibrillar sub- 
stance, completely or almost completely devoid 
of cells. In its turn this intermediate substance 
showed atheromatous disintegration. 

It is not difficult to understand the develop- 
ment of “fibrillosis” in the areas occupied by 
mesenchymal cells of endothelial origin. It is 
more difficult to explain the fibrillosis of the foam 
cells. However, even when there is no evidence 
of the transformation of foam cells into fibrillar 
masses, a specific stain reveals the presence of 
fine fibrils between the “fattened” cells (fig. 2 A). 
This has also been described by Leary *® who 
stated that “the partitions between the cells in 
many cases are slender strands of reticulum.” 
Naturally, it has to be established whether these 
reticular fibers are derived from foam cells or 
whether they were already present in the ground 
substance of the subendothelial intima. Leary *° 
expressed the belief that they were formed by 
young fibroblasts. A comparison of the process 
as it occurs in the larger arteries with that found 
in the small vessels might supply an answer. 
Thus between the individual foam cells filling 
the lumen of the small arterioles a fine reticular 
network can be demonstrated, although in vessels 
of this size there is normally no subendothelial 
tissue. It can hardly be assumed that these fibrils 
were formed by the cells of the media and subse- 
quently penetrated the elastic layer. These reticu- 
lar fibrils may increase in number and finally 
fill the lumen, displacing or compressing the foam 
cells and thus producing a more or less complete 
occlusion. 

The question of the formation of the fibrillar 
substance from foam cells cannot finally be de- 
cided since it is possible that this substance might 
be formed either from the endothelial cells them- 
selves or from those transitional elements which 


11. Goodpasture, E. W.: 
1918. 


J. M. Research 38:127, 
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appear beneath the endothelium but are not suf- 
ficiently dedifferentiated to be designated as foam 
cells or mesenchymal cells. 


SUMMARY 


The arteriosclerotic alterations of the intima 
which occur in large arteries are essentially iden- 
tical with the arteriosclerotic changes seen in 
small vessels. 

It is believed that the foam cells (lutein-like 
cells, lipoid cells, cholinester phagocytes, xantho- 
ma cells) in arteriosclerotic vessels are dediffer- 
entiated endothelial cells. This is shown by 
transitional stages between endothelial and foamy 
cells as well as by the lack of a typical endotheli- 
um in small vessels which are occluded by foam 
cells. Further support for this view appears to 
be the resemblance to the foamy endothelium in 
and between the capillaries of hemangioma. 

Other cells found in arteriosclerotic thickening 
of the intima show much similarity to reticular 
and mesenchymal cells. In view of their morpho- 
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logic character and derivation they too are be- 
lieved to be dedifferentiated descendants of 
endothelium and therefore correlated to the foam 
cells. “ 
Both types of cells, foam cells and reticular 


or mesenchymal cells, may transform into a fibril-*« ’ 
lar substance and undergo fatty (atheromatous) , » 
degeneration. But the foam cells can also disin- , > 
tegrate directly into atheromatous masses. On 
the other hand, the fibrillar substance may show . 
. . e 5" . 4 
hyaline degeneration or may be transformed into 
coarse fibrous tissue. The two latter processes, , , 
are clearly seen only in small vessels. 
The penetration of foam cells or mesenchymal * ’ 
. . . . . >. 
cells into the media—breaching the elastica in- * 
terna—supports the view that the dedifferenti- 
ated cells are of a young aggressive type. - 
What appeared to be foci of malacia in the 
. e - , > 
brain of a 45 year old Negro could be analyzed “* 
as vascular proliferation accompanied by foamy , . 
metamorphosis of endothelial cells, which on 4 > 
first glance could be interpreted as compound 
granular cells. « 
~ al 
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A MODIFIED TECHNIC FOR THE REMOVAL OF 


THE 


NASOPHARYNX AND ACCOMPANYING 


ORGANS OF THE THROAT 


PAUL 


B. SZANTO, M.D. 


CHICAGO 


Although numerous methods for the post- 


*mortem examination of the nasopharynx are 


’ 


described in the literature, that structure never- 
theless represents one of the most commonly 
neglected regions of the body, receiving rarely 
any pathologic inspection. Since there appears 
to be rather general assent that several of the 
aforementioned investigative technics are dis- 
advantageous inasmuch as they are often pro- 
tracted in procedure, require special instruments, 
give rise to disfigurement of the head or render 
a subsequent embalming impracticable, it is the 
purpose of this paper to epitomize briefly several 
of the preferred procedures and to set forth as an 
alternative technic a modification based on obser- 
vations drawn from a series of 140 autopsies. 
For objective analysis one may therefore sum- 
marily divide the various methods for the post- 
mortem examination of the nasopharynx into 
four groups, according to the manner of approach. 
One may distinguish (1) those methods based 


* on entrance from the oral cavity, (2) methods 


employing the posterior suboccipital approach, 
(3) methods based on admission from the cranial 
cavity and (4) a combination of the foregoing 
second and third principles. 


1. Approach from the oral cavity: 
(a) von Luschka (1868)—Beneke (1896) method: 
exarticulation of the temporomandibular joints 
(b) Scheier’s (1899) method for the removal of 
the nasopharynx 
(c) Loewe’s (1901) method 
(d) Westenhoffer’s (1908) method 


2. Approach from the cranial cavity: 

(a) Schalle’s (1877) method 

(b) Klebs’ trephine method 

(c) Politzer’s (1889) modification of 
technic 

(d) Poelschen’s (1890) method 

(e) Harke’s (1891) method 

(f) Hauser’s (1910) method 

(g) von Rokitansky—Loeschke (1914) method 

(h) Ghon’s (1916) method 

(7) Dunn and Rhea (1933) trephine method 

(7) Graff’s (1934) method 


Schalle’s 


Pathological 


From the 
Hospital. 


Laboratory, Chicago State 





3. Approach from the neck: 
(a) von Hansemann’s (1909) method 
(b) Oberndorfer’s (1923) modification of von 
Hansemann’s technic 
(c) Schmincke’s (1934) modification of von 
Hansemann’s technic 


4. The combined Harke-von Hansemann technic, 
cited by Beneke (1925) 


The approach from the oral cavity was first 
demonstrated by von Luschka* and later was 
independently revived by Beneke.*? Beneke em- 
ployed a modified primary incision commencing 
behind the ear and continuing on the posterior 
margin of the sternocleidomastoid muscle down- 
ward to the manubrium sterni, with routine re- 
moval of the tongue, the larynx and the trachea, 
followed by exarticulation of the temporoman- 
dibular joints. With the mandible drawn upward 
to afford convenient access, the palate is sepa- 
rated from the alveolar process by chisel incision. 
With the removal of both hard and soft palates, 
the nasal cavity lies fully exposed. 

Loewe’s * method, paralleling a surgical pro- 
cedure, is acknowledged to be highly ingenious. 
The organs of the throat are not removed. In- 
cision is effected in the vestibule of the oral 
cavity, with the lip being then pulled upward to 
the piriform aperture. Separation of the hard 
palate with the alveolar process from the maxilla 
and the septum nasi is achieved by chisel incision. 

Scheier * counseled the removal of the organs 
of the throat with the posterior wall of the naso- 
pharynx and ignored any effort to preserve the 
connections of the nasopharynx with the bony 
structures and the nose. 

Westenh6offer > recommended the removal of 
the organs of the throat and the isolation of the 


1. von Luschka, H.: Der Schlundkopf des Menschen, 
Tubingen, H. Laupp, 1868. 

2. Beneke, R.: Sektionstechnik der Luftwege, in 
Denker, A., and Kahler, O.: Handbuch der Hals- 
Nasen- u. Ohrenheilkunde, Berlin, Julius Springer, 1925, 
pt. 1. 


3. Loewe, L.: 
179, 1901. 


4. Scheier, A.: Berl. klin. Wchnschr. 36:864, 1899. 


5. Westenhéffer, M.: Atlas der pathologisch-ana- 
tomischen Sektionstechnik, Berlin, A. Hirschwaid, 1908. 
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palate by chisel incision, omitting exarticulation 
of the temporomandibular joints. 

The posterior approach to the nasopharynx 
was introduced by von Hansemann,* in 1909, 
the technic being known as luxation of the skull. 
This method involves separation of the base of 
the skull from the vertebral column at the atlanto- 
occipital joint and forward luxation of the base 
of the skull to disclose the posterior wall of 
the nasopharynx. The posterior wall is then ex- 
posed, and the openings of the eustachian tubes 
and the base of the tongue lie patent (fig. 1). 

Von Hansemann’s method, in turn, was modi- 
fied by Oberndorfer.’ After opening the atlanto- 
occipital joints and the nasopharynx, the tem- 
poral muscles are separated from the temporal 





Fig. 1.—Von Hansemann’s method : Posterior approach 
to the nasopharynx, with the choanae, the mesopharynx, 
the hypopharynx and the upper part of the larynx. 


bones ; the external auditory meatus is severed. 
After routine opening of the skull and removal 
of the brain, the mandibular joints are opened ; 
the skin of the forehead is drawn downward to 
the roof of the nose. Thereafter, a saw is intro- 
duced under the skull and the facial skeleton 
separated from the base of that structure. At this 
point, injury to the eyeballs must be carefully 


avoided. The resulting specimen discloses the’ 


roof of the orbits, the upper segment of the nasal 
cavity with the ethmoid bone, and the frontal 
sinuses. 


6. von Hansemann, D.: Zentralbi f. allg. Path. u. 
path. Anat. 20:1, 1909. 
7. Oberndorfer, S. : 


Anat. 20:12, 1909. 


Zentralbl. f. allg. Path. u. path. 
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I applied the Oberndorfer technic in several * 
instances in which autopsy was performed after “ 
the body was embalmed. 

The uniform principle observable in the vari- * 
ous methods of cranial approach outlined here- 
under is that initially the tongue and the organs* © 
of the throat are removed; the scalp is dissected 
forward to the supraorbital ridges and posteriorly « 
to the occipital foramen; the external auditory 
meatus is severed subcutaneously, and the skin , 
is drawn down to the zygomatic arch, followed 
finally by removal of the calvarium and the brain.« ¢ 

The approach from the cranial cavity was 
introduced by Schaile,* who sought to obtain a ; 
thorough examination of the ears: 

Following the opening of the temporoman- 
dibular joints, with forward luxation of the mandible, 
the posterior wall of the nasopharynx is separated from 
the vertebral column. Isolation en masse of the tem-* 
poral bones, the sphenoid bone and the posterior two 
oT of the nose by saw incision is then obtained. (Fig. » 
2 A.) 

The foregoing method, however, entails two 
primary disadvantages: 1. Disfigurement of the * 
head inevitably ensues. 2. Special instruments 
are required. ¥ 

Harke’s ®° method employs a sagittal saw in- 4 
cision through the entire base of the skull: - 

After removal of the brain, the head is main- 
tained in forward flexion; a sagittal saw incision is 
made either right or left from the crista galli through 
the entire base of the skull and the atlas. With vigorous »& 
lateral traction on each side of the skull, removal of 
the nasal septum and exposure of the maxillary High-, 
more’s cavities and sphenoid sinuses thereupon follow. 
(Fig. 2 B.) 4 

Von Rokitansky *° applied a frontal incision + 
through the posterior third of the anterior fossa 
and the hard palate, with subsequent opening 4 
of the sphenoid and frontal sinuses. This method 
was redescribed by Loeschke ™': ‘ 


> 


‘ A frontal saw incision is made through the ¢ 
posterior third of the anterior cranial fossa and hard 4 
palate, followed by exposure of the sphenoid and frontal 
sinuses. (Fig. 2c.) 


12 ll 


Hauser,” in his volume on Zenker’s section 
technic, recommended a frontal saw incision 
through the center of the sella turcica: 


A frontal saw incision is effected through the * 


center of the sella turcica and the base of the skull, * 
directed rearward and downward to the temporoman- 
dibular joints. (Fig. 2 D.) 





8. Schalle: 
1877. 

9. Harke, T.: Berl. klin. Wchnschr. 29:744, 1892; | 
Virchows Arch. f. path. Anat. 125:410, 1891. f , 

10. von Rokitansky, C., cited by Loeschke.1! as 

11. Loeschke, H.: Verhandl. d. deutsch. path. Ge- , 
sellsch. 17:553, 1914. 

12. Hauser, G.: Die 
Jena, G. Fischer, 1913. 


Virchows Arch. f. path. Anat. 71:206, 
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SZANTO—POSTMORTEM EXAMINATION OF NASOPHARYNX 


This incision opens the sella turcica and affords 
free access to the nasopharynx and the posterior 
region of the nasal cavity. 


Ghon,** following his study of tuberculosis of 
the nasopharynx, introduced a variation combin- 
ing a frontal saw incision with a sagittal incision: 


There are two lines of incision: First, a frontal 
incision is made through the base of the skull somewhat 
anteriorly from the optic foramens, directed downward 
and rearward toward the temporomandibular joints. 
Sagittal incision is thereupon performed through the 
midline of the anterior fossa of the base of the skull. 
(Fig. 2 £.) 
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The use of a trephine was inaugurated by 
Klebs.1* Dunn and Rhea,** in 1933, described a 
drill with which a rapid exposure of the sphenoid, 
the posterior ethmoid and the maxillary sinuses 
was obtainable. 


Poelschen ** described, in 1890, a method for 
the removal of the nasopharynx with preserva- 
tion of its: connection with the base of the skull. 
Graff," after introducing major modifications, 
routinely employed Poelschen’s method. 

The principle of Graff’s method is the preser- 
vation of the essential topographic relationships 





Fig. 2.—A, Schalle’s method: 
Harke’s method: 


frontal and sagittal saw incision. F, 


diagram presenting the line of saw incision through the base of the skull. B 
line of sagittal incision through the base of 
line of incision through the posterior third of the anterior cranial fossa. 
incision through the sella turcica and the base of the skull. 
Graff's method: diagram presenting the line of incision through the base 


, 


skull. C, von Rokitansky-Loeschke method: 
D, Hauser’s method: line of frontal 
E, Ghon’s method: diagram presenting the lines of 


the 


of the skull. (The dotted line presents a slight variation of the incision.) 


By this method, the pharyngeal tonsil, the 
ostiums of the eustachian tubes and Rosenmiul- 
ler’s recesses can be examined with extreme ease. 
This sagittal saw incision differs from Harke’s, 
for it involves only the anterior portion of the 
base of the skull and extends in an exact median 
line through the septum nasi. The nose and the 
maxillary sinuses are in turn examined. 


13. Ghon, A.: 
1916. 





Virchows Arch. f. path. Anat. 222:250, 


existing between the organs of the throat, the 
nose, the nasopharynx and the paranasal sinuses 


14. Klebs, E., cited by Nauwerck, C.: Sektionstechnik 
fur Studierende und Arzte, ed. 5, Jena, G. Fischer, 
1912. 

15. Dunn, F. L., and Rhea, D.: Arch. Path. 15:255, 
1933. 

16. Poelschen, R.: 
119:118, 1890. 

17. Graff, S.: Zentralbl. f. allg. Path. u. path. Anat. 
53:369, 1932; Ztschr. f. Hals-, Nasen- u. Ohrenh. 31: 
484, 1922. 


Virchows Arch. f. path. Anat. 
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—an application carrying over in effect the prin- 
ciple of von Rokitansky’s and Zenker’s section 
technic: 

After preparation of the organs of the throat 
and opening of the skull, with removal of the brain, 
frontal saw incision is effected through the base of the 
skull a few millimeters anteriorly from the line con- 
necting both external auditory meatuses. The posterior 
wall of the pharynx is then separated from the vertebral 
column, and the organs of the throat are pulled within 
the cranial cavity. The anterior segment of the base 
of the skull is drawn downward; the external and in- 
ternal pterygoid muscles are cut through. The floor of 
the mouth and the tongue are separated. The hard 
palate is isolated with saw or chisel. A frontal incision 
with chisel and hammer is made at the anterior end of 
the crista galli, connecting both sagittal incisions. (Fig. 
2 F.) 

The specimen obtained through Graff’s technic 
consists of a comprehensive segment of the skele- 
tal base of the skull, including the sella turcica, 
approximately the posterior two thirds of the 
nose, the maxillary sinuses, a part of the frontal 
sinus, the ethmoid cells, the entire pharynx, the 
tongue, the larynx, the trachea, the upper por- 
tion of the esophagus and all large vessels of the 
neck and head. It is apparent, however, that with 
this method a subsequent embalming will be im- 
possible to achieve. 

The combined Harker-von Hansemann tech- 
nic, cited by Beneke,? should also be mentioned 
in any compilation of investigative technics. 

When I assumed a somewhat exhaustive study 
of the nasopharynx and related organs from the 
point of view of pathology, I sought to attain a 
technic which would yield an ample exposure for 
routine examination of those organs and, subor- 
dinately, minimize difficulties frequently encoun- 
tered in embalming. 

It was obvious that the Graff technic invited 
substantial modification. Stanbury,’* who re- 
ported a technic pertaining to autopsy of the 
organs of the throat which offered minimal inter- 
ference with the embalming process, stressed the 
point that the most important consideration in 
the embalming of the head is lodged in the effort 
to preserve the external maxillary arteries. Con- 
sequently, he practiced ligation of the inferior 
thyroid, the superior thyroid and the lingual 
arteries. My intention to devise a procedure af- 
fording ready access to the parotid gland addi- 
tionally influenced the development of my method, 


which may be summarized as follows: 
THE AUTHOR'S PRIMARY TECHNIC 

A V-shaped incision is made, extending from 

the acromial ends of the clavicle to a point im- 


mediately below the junction of the manubrium 


18. Stanbury, W.: J. Tech. Methods 15:42, 1936. 
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and the body of the sternum. On removal of the 
thoracic viscera, the body is turned, and the V 
incision prolonged from acromion to acromion. 
Such an incision was especially recommended by 
Schmincke ** for the study of postanginous sepsis 
and tumors of the palatine tonsil, the naso- 
pharynx and the base of the skull. This dorsal 
horizontal incision is completed by a vertical 
incision in the midline along the spinous pro- 
cesses of the cervical vertebrae up to the occipital 
protuberance. The skin is dissected bilaterally 


upward to the ears; the external auditory meatus “ 


is severed subcutaneously. The incision in the 
scalp is carried from the right ear over the occipi- 
tal protuberance to the left ear in the usual man- 
ner, with the scalp then being dissected forward 
to the supraorbital ridges and laterally down to 
the zygomatic arches. The body is then turned 
back and the skin of the neck dissected up to the 





Fig. 3.—A, 
through the base of the skull. 
cision line in the posterior fossa through the occipital 
bone for the removal of the spinal cord with the brain 


diagram presenting lines of incision 
Note the V-shaped in- 


en masse, recommended by Schmincke. 8B, diagram 
presenting the modified, rectangular saw incision lines. 


mandible. The organs of the throat are isolated 
from the large arteries of the neck; then the 
innominate, left common carotid and subclavian 
arteries are ligated, after which the inferior thy- 
roid and vertebral arteries are ligated; this is 
followed by careful preparation and ligature of 
the superior thyroid, lingual, occipital and inter- 
nal carotid arteries. 

The external maxillary artery, which arises 
from the external carotid artery at the level of 
the great horn of the hyoid bone, covered by the 
stylohyoid muscle and the posterior belly of the 
digastric muscle, to continue forward and upward 
in a groove in the posterior surface of the sub- 
maxillary gland, emerging from the deep fascia, 
winding around the inferior border of the body 
of the mandible and reaching the face at the 


19. Schmincke, A.: 
Anat. 53:273, 1932. 


Zentralbl. f. allg. Path. u. path. 
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anterior margin of the masseter muscle,*° may 
show two important anomalies: 1. It may reveal 
a common origin with the lingual artery. In this 
event it is imperative that only the lingual artery 
be ligated. 2. It may disclose an important rela- 
tionship to the posterior inferior portion of the 
tonsil by virtue of the circumstance that after 
branching from the external carotid artery it 
may assume an upward curve, forming an arterial 
loop, which offers the possibility of injury at the 
time of the separation of the organs of the throat. 
The superior constrictor muscle of the pharynx is 
the sole muscle interposed between this artery 
and the tonsil. 
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and mesopharynx, avoids the hazard of damage 
to the external maxillary artery. Following the 
execution of the foregoing incision, the tip of 
the tongue is pulled downward in the usual 
manner. The scalp is dissected forward to the 
supraorbital ridges and posteriorly to the occip- 
ital foramen, with the external auditory meatus 
being severed subcutaneously ; the skin is brought 
down to the zygomatic arch ; followed finally by 
removal of calvarium and the brain. 

A frontal saw incision is made through the 
base of the skull in a line joining both auditory 
meatuses, or the incision may be carried forward 
a few millimeters beyond this line. In the latter 





Fig. 4.—A, dissection of the organs of the neck; isolation of the large blood vessels. 


B, preparation and 


ligation of the superior thyroid, lingual, occipital and internal carotid arteries. 


The external maxillary artery has, it may be 
repeated, the following important branches: (1) 
the ascendant palatine artery ; (2) the submental 
artery; (3) the inferior and superior labial ar- 
teries; (4) the angular artery. 

Despite the exercise of ample caution, since 
injury to one or more of these branches cannot 
be avoided, the routine incision which is carried 
along the mandible should be slightly modified. 
The incision should not extend too closely to 
the mandible but should be effected a few milli- 
meters to the rear. The path of this incision, 
however, while offering the disadvantage of pos- 
sible injury to the lateral wall of the hypopharynx 


20. Callander, C. L.: Surgical Anatomy, ed. 2, Phila- 
delphia, W. B. Saunders Company, 1939, pp. 147, 163 
and 199. 





case the incision also involves the anterior arch 
of the atlas. After the separation of the posterior 
wall of the pharynx from the anterior surface of 
the vertebral column, the organs of the throat 
are drawn upward into the cranial cavity. The 
sagittal saw incisions are extended on each side, 
laterally from the cavernous ¢:aus, in a conver- 
gent direction, to the anterior end of the crista 
galli, while the final short incision joining these 
convergent lines is accomplished by chisel and 
hammer (fig. 3 A). 


The hard palate is separated from the alveolar 
process by chisel incision of the maxillas, directed 
either from the cranial cavity outward or from 
the oral cavity inward. The remaining connec- 
tions linking the specimen with the surrounding 
tissues are separated by scalpel. The specimen 
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thus obtained comprises a considerable segment 
of the base of the skull, consisting of the body of 
the sphenoid bone, with both cavernous sinuses, 
the tip of the pyramid bones, a fragment of the 
orbital part of the frontal bones and the lamina 
cribrosa of the ethmoid bones, the posterior and 
median part of the orbits and the posterior por- 
tion of the maxillary sinuses, and the entire 


Fig. 5.—A, 
rearward. B, saw 
pharynx, the tongue, the larynx, the trachea and 
the upper part of the esophagus. On removal 
the specimen should be deposited on a platter 
with the larynx and the tongue presented an- 
teriorly. 

The trachea and the larynx are opened in 
the anterior midline, with the hyoid bone and the 
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tongue being simultaneously severed in the mid- 
line. After inspection of the larynx and the 
trachea, a posterior midline incision of these 
organs is undertaken, followed by examination 
of the upper sector of the esophagus, the hypo- 
pharynx and the pharynx. Midline incision 
through the uvula, the soft palate and the hard 
palate is next accomplished, followed by removal 


first frontal saw incision through the posterior third of the anterior fossa, directed downward and 
incision joining both external auditory meatuses. 


of the palates, affording access to the nasophar- 
ynx. Inspection of the posterior wall and the 
roof of the nasopharynx, a description of the 
nasopharyngeal tonsil and the nasopharyngeal 
bursa anda careful examination of Rosenmiiller’s 
recesses and the eustachian tubes represent suc- 
cessive steps in this procedure. A sagittal mid- 
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line saw incision through the bony structures 
with an opening of the sphenoid sinus is then 
undertaken. The final step embraces the prep- 
. aration and inspection of the ethmoid sinuses. 

The foregoing technic was __ successfully 
applied in 80 consecutive autopsies. The ad- 
jacent portions of the skull are retained in po- 


¥ 


EXAMINATION OF 


NASOPHARY NX 319 


A BRIEFER TECHNIC 


The routine primary incision is followed by 
careful dissection of the neck organs, isolation of 
the large blood vessels (fig. 4.4) and ligation of 
the superior thyroid, lingual, occipital and in- 
ternal carotid arteries (fig. 4 B). 





( ‘ sition by wires traversing bored holes. The The re through the floor of the mouth - 
‘ ” cavity remaining on the removal of the speci- @ttied parallel with, but extending a few milli- 
men is filled with absorbent cotton; the cranial ™e¢ters behind, the mandible, to avoid injury of 
«—? cavity itself is packed with oakum. Plaster the external maxillary artery. The tongue is 
of paris, however, may be used. pulled downward. The head is then retroflexed, 
me This technic may be combined with the re- the hard palate isolated from the alveolar process 
, moval of the brain and spinal cord en masse, by chisel incision, or the soft palate alone separ- 
I 
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‘ ° Fig. 6.—A, two sagittal saw incisions somewhat laterally from the cavernous sinuses. 8B, specimen after 
P * removal, consisting of a quadrangular segment of the base of the skull, with the sella turcica, the sphenoid sinus, 


the entire pharynx, the upper part of the esophagus, the larynx, the upper part of the trachea, the posterior part 
of the hard and soft palates and the posterior part of the nasal cavity. 


. without severing the connections between these 
divisions of the central nervous system, by the 
* |* use of a V-shaped saw incision through the 
“ occipital bone (fig. 3.4). A careful reconstruc- 
tion of the skull is important. 
‘ It may be frankly stated that this particular 
j modification, which may be viewed as an adap- 
tation of Graff’s technic, constitutes a fairly 
P extensive procedure, and therefore in 60 suc- 
» 4 | * ceeding autopsies various elements in the pro- 
cedure were reduced to obtain a reduction in the 
time required from forty minutes to approxi- 
mately thirty or twenty-five minutes. 








ated from the hard palate by knife incision. The 
posterior wall of the esophagus and the pharynx 
is separated from the vertebral column. The 
scalp is dissected forward to the supraorbital 
ridges and posteriorly to the occipital foramen. 
The external auditory meatus is severed sub- 
cutaneously and the skin drawn down to the 
zygomatic arch. Removal of the calvarium and 
the brain follows. 


A frontal saw incision is made through the 
posterior third of the anterior cranial fossa, the 


same incision line applied in the von Rok- 
itansky—Loeschke method (fig. 5A). The sec- 
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ond frontal saw incision is made through the 
base of the skull in a line linking both external 
auditory meatuses or is effected a few milli- 
meters beyond this line (fig. 5B). The two 
frontal saw incisions are then joined by two 
sagittal saw incisions somewhat laterally from 
the cavernous sinuses (fig. 6 4). The specimen, 
now completely isolated from the surrounding 
structures, is removed. The specimen is in- 
spected in the same manner as in the technic de- 
scribed earlier. It is comprised (fig. 6B) of the 
central segment of the sphenoid bone with the 
sella turcica and the sphenoid sinus, the naso- 
pharynx, the posterior portion enclosing the 
nasal cavity, the entire pharynx and the upper 
part of the esophagus, the larynx, a portion of 
the trachea and the thyroid gland with the para- 
thyroid glands. 
COMMENT 


In order to express the many possibilities 
attaching to the methods reported in the litera- 
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ture, | have detailed several such technics rather 
fully. The individual methods offer both ad- 
vantages and disadvantages; therefore the pa- 
thologist confronted with a particular case must 
select the appropriate method. The salient factor 
remains that the nasopharynx and the adjacent 
organs should be routinely surveyed for the 
frequent pathologic changes observable therein. 
In the majority of cases the pathologist will be 
richly rewarded for the effort bestowed on such 
studies. 
SUMMARY 


Two new modifications of the autopsy technic 
for the removal of the nasopharynx stress the 
preservation of the connections with the organs 
of the throat. The second, simplified technic is 
especially recommended for routine autopsy. 
The more complicated technic, first described, 
should be undertaken only in those instances in 
which the nasal cavity proper is involved. 

















STUDIES ON 


CANCER 


I. THE RELATIONSHIP OF FUNCTION, LIGHT AND TEMPERATURE TO GROWTH BY MITOSIS 


C. M. 


BLUMENFELD, M.D. 


CLEVELAND 


This series of studies is based on the premise 
that the principal difference between cancerous 
and normal tissue is autonomous or independent 
growth. Its object is to learn what change makes 
the growth of cancer autonomous. To do this, 
dependent growth of normal tissues and the fac- 
tors which determine it must be demonstrated in 
such a manner as to furnish a basis for compari- 
son. The principal phase of growth is the result 
of multiplication of cells, which in neoplastic and 
normal tissues is due largely, if not solely, to 
mitosis. The factors which normally regulate 
mitosis determine when and how often it occurs. 
Obviously, not only influences acting on cells 
but the cells themselves are concerned in the 
regulation. A neoplasm grows independently in 
the very environment in which its parent tissue 
grows dependently. Since the extrinsic part of 
the mechanism of the regulation of growth is 
present, it is probable that the fundamental 
change responsible for autonomous growth, 
regardless of how it is induced, is in the cell. 

To probe this hypothesis, growth by mitosis 
has been studied in normal, neoplastic and hyper- 
plastic tissues. It has been shown by others and 
by me?‘ that in all normal tissues so far studied 
there is diurnal variation in rate of mitotic 
activity. One report,’ apparently to the contrary, 
does not disprove diurnal periodicity since ma- 
terial was obtained only two times in a twenty- 
four hour period. The determination of when and 
how often mitosis occurs diurnally, an ultimate 
expression of regulated growth, furnishes a 


From the Institute of Pathology, Western Reserve 
University, and the University Hospitals of Cleveland. 

1. (a) Fortuyn-van Leyden, C. E. D.: Verhandl. d. 
k. Akad. v. Wetensch. 19:38, 1917; 29:979, 1926. (b) 
Ortiz Picén, J. M.: Ztschr. f. Zellforsch. u. mikr. Anat. 
23:779, 1933. (c) Carleton, A.: J. Anat. 68:251, 1934. 
(d) Cooper, Z. K., and Schiff, A.: Proc. Soc. Exper. 
Biol. & Med. 39:323, 1938. (e) Blumenfeld, C. M.: 
Anat. Rec. 72:435, 1938; Science 90:446, 1939. (f) 
Cooper, Z. K.: J. Invest. Dermat. 2:289, 1939. (g) 
Broders, A. C., and Dublin, W. B.: Proc. Staff Meet., 
Mayo Clin. 14:423, 1939. (h) Cooper, Z. K., and 
Franklin, H. C.: Anat. Rec. 78:1, 1940. 

2. Elliott, H. C.: Am. J. Anat. 58:127, 1936. 





quantitative basis for comparison with the growth 
of neoplastic and hyperplastic tissues. 

Epidermoid carcinoma produced in the skin 
of young CBA male mice by methylcholanthrene . 
exhibited a constant rate of growth by mitosis 
throughout the twenty-four hour period. The 
rate did not at any time exceed the maximal rate 
in normal epidermis of the same mice.* The main 
difference between the independent growth of 
the cancer and the dependent growth of the nor- 
mal epidermis was the absence of a daily period 
of decreased mitotic activity in the neoplasm. 

The average daily rate of growth of the cancer 
was about twice that of the normal epidermis. 
To determine whether absence of a daily period 
of decreased mitotic activity is characteristic of 
neoplastic growth or merely a feature of accel- 
erated growth, a study was made of healing 
wounds in rabbits. The rate of mitotic activity 
in regenerating epidermis was twice as great as 
that of normal epidermis, but diurnal periodicity 
was present and essentially the same in both.‘ 
Whether loss of the daily period of decreased 
mitotic activity is characteristic of all neoplastic 
growth and of it alone, can be established only 
by additional studies. If one assumes that the 
loss is characteristic, it becomes essential to study 
the cause of diurnal periodicity of mitotic activity. 

The observations on periodic mitotic activity 
in normal tissues referred to previously? sug- 
gest a possible relationship between general ac- 
tivity of the body and growth. Although the 
results are not constant, a majority of the studies 
indicate that growth is maximal during the day 
in nocturnal animals and maximal during the 
night in diurnal animals. The idea of a balance 
between work and growth is epitomized in 
Ewing’s statement: “Normal function diverting 
the energies of cells must be a constant restraint 
or regulator of growth.” ° The restraint may be 
direct or indirect and may act on the body, the 
organ or the cell. 


3. Blumenfeld, C. M.: Arch. Path. 35:667, 1943. 
4. Blumenfeld, C. M.: Arch. Path. 36:493, 1943, 


5. Ewing, J.: Neoplastic Diseases, ed. 4, Phila- 
delphia, W. B. Saunders Company, 1940. 
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The first step toward learning the cause of 
diurnal periodicity of mitotic activity was a study 
of mitosis in three tissues, renal cortex, epider- 
mis and submaxillary salivary gland, obtained 
simultaneously every six hours from the same 
animals during a period of twenty-four hours. 
Diurnal pericdicity was present in all, but the 
curve for each tissue was different. This was in- 
terpreted to indicate that the factors responsible 
for the periodicity do not act on the body as a 
unit, for then each of the three tissues would have 
had a similar curve; they do not act on the cell 
as a unit, for then there would be no curve; but 
they do act on or in the organ as a unit.® 

This report deals with the relationship be- 
tween function and mitotic activity in the renal 
cortex and in the submaxillary salivary gland. It 
also includes observations on the relationship 
between light and temperature and the mitotic 
activity of the skin. 


MATERIALS AND METHODS 


To study the relationship between function and 
growth, 7 litters of 4 male albino rats of Wistar origin, 
27 to 31 days old, were used. One litter at a time was 
kept in a cage constructed to permit accurate determi- 
nation of food eaten and urine excreted. At 8 a. m., 
2 p. m., 8 p. m. and 2 a. m. the food cup was weighed 
to 0.01 Gm. to determine the weight of food eaten 
during the preceding six hours, and the urine was run 
off from the separatory funnel in which it had collected 
beneath liquid petrolatum and measured tu 0.01 cc. 
A sample of each six hour output of urine was weighed 
in a dried weighed cellophane cup, and dried at 95 C. 
to constant weight (one week) to determine water and 
solid content. After seventy-two hours of observation, 
the 4 rats of each litter were killed at 8 a. m., 2 p. m., 
8 p. m., and 2 a. m. The kidneys and the submaxillary 
salivary glands were removed, fixed immediately in 
Bouin’s fluid, embedded in paraffin, sectioned at 8 
microns and stained with Harris’ hematoxylin and 
eosin. Mitotic activity was determined by a method 
already described.® ’ 

The measurements were made on the assumption 
that ingestion of food stimulates secretion in the sub- 
maxillary salivary glands. The greater the amount of 
food eaten, the greater the quantity of saliva secreted. 
Salivary secretion represents a specialized function of 
the gland. If this is true, determining the rate of 
mitotic activity at times of greater and lesser intake 
of food should show whether there is a relationship 
between functional and growth activity. A _ similar 
assumption underlies the study of urinary output, this 
being taken to represent renal function. Solid and 
water content were determined because a greater out- 
put of more dilute urine might be construed as no in- 
crease in work of the kidney. It is realized that intake 
of food and output of urine are relatively crude 
measures of the functional activity of the salivary gland 
and the kidney, but they are the best indexes obtain- 
able in the intact animal in its usual environment over 
a relatively long period. 

Forty-two male albino rats of Wistar origin, 27 to 30 
days old, were used to study the relationship between 
light and temperature and the mitotic activity of the 


6. Blumenfeld, C. M.: Arch. Path. 33:770, 1942. 
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epidermis. One group of 20 rats, designated as the 
regular group, was maintained under ordinary con- 
ditions. A group of 22 rats, called the reversed group, 
was kept in a completely dark room from 8 a. m. to 
8 p. m. and in a room brightly illuminated by ordinary 
electric light from 8 p. m. to 8 a. m. for a total period 
of forty-eight hours. Rats of both groups were killed 
at 8 a. m. and 8 p. m.,, litter mates being paired off 
both as to group and time of autopsy. At the time of 
autopsy the temperatures of the rectum and the skin 
were determined with a thermocouple and the tem- 
perature of the room with a thermometer. A portion 
of skin was removed from each animal and handled as 
were the kidneys and the salivary glands of the animals 
of the first part of the study. 

In evaluating the significance of differences between 
means and the degree of correlation, Fisher’s small 
sample methods * were used for groups of observations 
of 15 or less, and standard statistical methods, for 
larger groups. 


RESULTS 
Relation of Urinary Output to Mitotic Activity 


in the Renal Cortex.—The data are given in 
tables 1 and 2 and shown graphically in chart 1. 
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Chart 1—Urinary output (—) and mitotic activity 
in the renal cortex (— — — —). 


There is a diurnal variation in the output of 
urine, but there is no significant variation in the 
water and solid content. From 8 a.m. to 8 p.m. 
the output is low; from 8 p.m. to 2 a.m. it is 
higher than at any other time; from 2 a.m. to 
8 a.m. it is intermediate. The differences between 
the mean volumes of urinary output for these 
periods are statistically significant (table 1). 
Mitotic activity in the renal cortex is greatest at 
2 p.m., at which time it is slightly more than 
twice as great as at 2 a.m., and the difference is 
significant. If mitotic activity in renal cortex 
obtained at 2 and 8 p.m. is considered to repre- 
sent day, and that removed at 2 and 8 a.m., 
night, then, as shown in table 2, mitotic activity 
is significantly greater during the day than during 
the night. Conversely, urinary excretion is sig- 
nificantly greater during the night than during 


7. Fisher, R. A.: Statistical Methods for Research 
Workers, ed. 7, Edinburgh, Oliver & Boyd, Ltd., 1938. 
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, . - . . 
’ . the day. As shown in figure 1, the rate of mitotic a.m. to 2 p.m., and most, from 8 p.m. to 2 a.m. 
> * * . . . . : 
activity in the renal cortex varies inversely with From 2 p.m. to 8 p.m. and from 2 a.m. to 8 a.m., 
the output of urine during the preceding six almost identical intermediate quantities of food 
x hours. are eaten. The pattern of food intake differs 
TABLE 1.—Urinary Output 
| > —— ee Re Sass > 
Sr a , a — Taste 3.—Intake of Food 
, 4 Individual Values in Cubie Centimeters per 
4 . a OTE 0 29: he hata a eee el Individual Values in Grams per Litter of 4 Rats 
8 a.m. to 2 p.m. to 8 p.m. to 2 a.m. to Coin te 7 
; , , ; § 8 a.m. to 2 p.m. to 8 p.m. to 2 a.m. to 
Att 2 .m. , 
- 1 = » ~ im wry eons Litter 2 p.m. 8 p.m. 2 a.m. 8 a.m. 
4 3.00 2:20 460 3.20 1 2.10 7.05 6.35 6.78 
P 2.80 2.60 5.10 3.80 7 4 4 os 
9 2.00 3.10 4.26 1.40 3.06 7.70 8.50 6.75 
4 2.50 3-00 3.7 3 90 2 2.50 5.50 5.40 6.50 
{ ;» 2 40 240 3.90 3.60 3.10 7.00 6.65 7.10 
spo rays ay ae 5.60 6.00 7.25 6.70 
2.25 3.35 3.66 2.85 4.00 6.88 798 6.35 
’ ‘ 2.90 3.05 3.45 3.20 2 5.00 7.05 785 5.50 
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from that of urinary output in detail. There is 
‘ Relation of Food Intake to Mitotic Activity m a significant marked increase in the weight of 
a ed the Submaxillary Salivary Gland.—The data are 


in the food intake. 








listed in tables 3 and 4 and shown graphically in 
chart 2. There is a significant diurnal variation 
Least food is eaten from 8 


food eaten from 2 p.m. to 8 p.m., but during this 
six hour period the volume of urine excreted is 
almost the same as that for the preceding six 
hours. The intake of food is high during the 
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eighteen hour period from 2 p.m. to 8 a.m. and 
low for a six hour period from 8 a.m. to 2 p.m. 
Mitotic activity in the submaxillary salivary gland 
is minimal at 8 a.m. and maximal at 2 p.m., 
but the difference is not significant. However, 
the mitotic activity at 2 p.m. is significantly 
greater than the average rate for the rest of the 
twenty-four hour period ; the intake of food dur- 
ing the six hours preceding 2 p.m. (when mitotic 
activity is greatest) is significantly less than the 
average intake of food during the remaining 
eighteen hours. There is an inverse relationship 
between intake of food and mitotic activity in 
the submaxillary salivary gland, but the shape 
of the curve for each differs from those for 
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Chart 2.—Intake of food (—) and mitotic activity 
in the submaxillary salivary gland (— — — —). 


urinary excretion and mitotic activity in the 
renal cortex. 

Relation of Light and Temperature to Mitotic 
Activity in the Epidermis—The data are pre- 
sented in table 5. Mitotic activity in the epider- 
mis of rats under ordinary conditions, the regu- 
lar group, is four times as great at 8 a.m as at 
8 p. m., and the difference is significant. Altering 
light and dark for a period of forty-eight hours 
did not change the periodicity of mitotic activity 
in the epidermis. The rate of mitotic activity, 
however, is increased, significantly at 8 a. m. and 
almost so at 8 p. m. 

Studies of mitotic activity in the epidermis in 
relation to temperature of the skin, rectal tem- 
perature and temperature of the room under 
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regular and reversed conditions of light and 
dark showed no consistent significant correlation. 
To conserve space, these negative results are not 
tabulated. 


TaBLe 5.—Mitotic Activity in Epidermis 








Individual Values: Mitotic Figures per 500 Fields 
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Regular Group Reversed Group 
8 a.m. 8 p.m. 8 a.m. 8 p.m 
16 10 36 16 
74 16 32 14 ‘ 
44 14 86 10 
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42 =] 52 32 ° 
40 12 g2 10 : 
42 2 24 14 
16 8 52 pb 
36 14 0 34 
26 4 60 8 
SO 8 
Means 37.00 8.80 59.45 15.27 


Statistical Comparisons 


Groups Difference Interpre- 
Compared + 8. E. t P tation 
Regular: 8 a.m. 
vs. 8 p.m. 28.20+-5.452 5.172 <6.01 Significant 
Reversed: 8 a.m. 
vs. 8 p.m. 44.18+7.789 6.671 <0.01 Significant 


Regular 8 a.m. vs. 
reversed 8 a.m. 22.45+9.611 2.385 0.06-0.02 Significant 


Regular 8 p.m. vs. 


reversed 8 p.m. 6.47-+5.362 1.924 0.1-0.05 Not significant 





COMMENT 

It is not germane to the purpose of this study 
to discuss the general significance of the diurnal 
fluctuation of ingestion of food and excretion of 
urine. The daily variation observed is consistent 
with the known activities of a nocturnal animal 
like the rat. If food eaten is a measure of function 
of the salivary glands and if urine excreted is a 
measure of renal function, then the results of this 
study indicate clearly an inverse relationship 
between function and growth by mitosis. Such a 
view is not new, but hitherto it has had largely 
a philosophic basis. 

A daily decrease in mitotic activity has been 
shown to follow a period of increased functional 
activity, and a daily increase in mitotic activity 
to follow a period of decreased functional activity. 
As cells differentiate to become part of an organ, 
they add to their more primitive vegetative ac- 
tivities (which include growth), functional activi- 
ties peculiar to the organ of which they are a 
part. Such cells become sensitive to the stimuli 
that cause the organ of which they are a part to 
function. This suggests the development not 
only of a component of the cell which performs 
the special function but of a component which, 
acted on by suitable stimuli, shifts the cell from 
vegetative to functional activity. It may be sup- 
posed that during the period of increased excre- 
tion of urine a larger number of cells of the con- 
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voluted tubules have been shifted by appropriate 
stimuli from vegetative to functional activity and 
that a smaller number remain in a state of vege- 
tative activity, so that mitotic figures are fewer. 


, >imilarly it may be supposed that opposite con- 


ditions prevail during the period of decreased 
excretion of urine. 

Mitotic activity in epidermoid carcinoma 
showed no daily drop in rate, but adjacent epi- 
dermis did.* The extrinsic factors, whatever 
they are, acting on the normal epidermis to pro- 
duce periodicity of mitotic activity must also 
have been acting on the tumor. The difference 
in response must have been due to a change in 
the neoplastic cells. It is suggested that the 
change consists in a loss of the component ac- 
quired by cells during the process of differentia- 
tion which in response to stimuli to function 
shifts them from vegetative to functional activity. 
This is not to be construed as a loss of power 
to perform the special function. It is not a loss 
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of function but a loss of the component regulat- 
ing vegetative and functional activity that is 
suggested as the change in neoplastic cells which 
makes their growth autonomous. 


CONCLUSIONS 

Young male albino rats showed regularly a 
diurnal variation of the volume of urine excreted. 
The rate of mitosis in the renal cortex varied 
inversely with the volume of urine excreted. 

The same rats showed regularly a diurnal 
variation of the weight of food eaten. The rate 
of mitosis in the submaxillary salivary glands 
varied inversely with the amount of food eaten. 

These data furnish a factual basis for the view 
that function restrains growth. 

Variations in light and dark for a period of 
two days and small changes in temperature of 
body or room have no effect on or relationship 
to the diurnal periodicity of mitotic activity in 
the epidermis of the albino rat. 





EXPERIMENTAL STUDIES IN CARDIOVASCULAR PATHOLOGY , 
X. EFFECTS OF REPEATED INTRAVENOUS INJECTIONS OF SOLUTIONS OF DIGITONIN j 
ON THE BLOOD AND THE INTERNAL ORGANS OF DOGS AND RABBITS <7 
W. C. HUEPER, M.D. 
NEW YORK R 


Saponins, which are complex vegetable sub- 
stances with glucoside-like properties and an 
acyclic molecule with several ring systems, are 
surface-active agents commercially used as emul- 
sifiers, penetrants, detergents, peptizers and 
foaming agents in the manufacture of such prod- 
ucts as liquid soaps, shampoos, tooth pastes, 
lemonades and beer. When given orally they 
enhance the intestinal resorption of foodstuffs 
and medicinal agents but are themselves not 
readily absorbed until they have injured the 
cellular lining of the intestinal tract (Kofler and 
Fischer '; Bayer and Gaisboeck *). This resorp- 
tion-favoring effect is abolished when saponins 
combine with cholesterol. Saponins similarly in- 
crease the permeability of the skin to various 
medicinal agents (epinephrine, insulin, iodine, 
salicylic acid, trypan blue). 

Many but not all of the numerous saponins 
possess hemolytic qualities, which depend on 
their interaction with the lecithin-cholesterol 
constituents of the erythrocytic membranes, 
resulting in an increased permeability of these 
membranes (Milbrandt*; Hueck*; Kohler °; 
Isaac and Mockel*). Additional products of 
saponins with cholesterol, on the other hand, 
are devoid of hemolytic properties (Roy and 
Biswas"). Kollert, Kofler and Susani,® as well 
as Kollert and Grill,® showed that saponins intra- 
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venously injected into herbivorous animals cause” ' 


hypercholesteremia and hyperinosemia (Kollert , 
and Rezek*°). It appears possible that the latter « 
reaction, possibly combined with changes in the 
wetability of the intima, may be responsible for 
the increased incidence of thrombi recently seen 
after digitalis therapy (de Takats, Trump and* 
Gilbert *) as crude digitalis preparations, especi- 
ally, contain considerable amounts of saponins. 

While small doses of a saponin prepared from 
the bark of the Quillaja tree cause an increase in 
blood pressure, large doses elicit severe hypo- 
tension and slowing of the blood flow (Gott-* 
denker **?). Handovsky ** reported that in rab- 
bits repeated intravenous injections of this , 
saponin were followed by cholesterol atheroma- 
tosis of the aortic intima, which was associated 
with hypercholesteremia resulting from the 
changed distribution of cholesterol in the body. 
The same investigator noted that irradiated sapo- 
nin acted similarly to irradiated ergosterol by“ 
causing in rabbits severe arteriosclerotic lesions 
of the ergosterol type. Handovsky and von Tros- 
sell ** claimed, moreover, that after prolonged 
intravenous administration of saponin not only 
considerable hypercholesteremia (Isaac and 
Mockel*; Kollert, Kofler and Susani*) but“ 
hypertension developed in rabbits. The hyper- 
cholesteremia elicited in rabbits by the injéction , » 
of a single dose of the saponin primula acid lasts, 
according to Kollert and Grill,® for eight to 
twelve days. An accentuation of the calcifying 
effect of viosterol by saponins (digitonin, gujal+ 
saponin) was mentioned by Frey.*® 
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Kofler and Rezek, commenting on the hyper- 
cholesteremia seen in saponin poisoning, sug- 
gested that this reaction may result from libera- 
tion of cholesterol in a toxic disintegration of 
cellular material, as increased amounts of choles- 
terol are excreted with the bile in chronic saponin 
poisoning. The simultaneous increase of fibrino- 
gen in the blood supports this conception (Kol- 
lert, Kofler and Susani *). 

Inasmuch as the saponin digitonin, which has 
a cholesterol-like structure, precipitates choles- 
terol by combining with it under the formation 
of digitonin cholesteride, a compound insoluble 
in water, acetone, ether, ethyl acetate and benzene 
(Windaus **; Fraser and Gardner **; Wacker 
and Hueck**), and in view of the previous 
claims of Handovsky ** as to the atheroscleroto- 
genic action of saponins, it appeared to be of 
interest to study the hematic and arterial effects 
of repeated intravenous injections of solutions 


of digitonin in dogs and rabbits. 
EXPERIMENTAL PROCEDURE 

Three dogs and 6 rabbits were used in the experi- 
ment. The dogs were 1.5 to 3 years old and weighed 
between 9.2 to 11.2 Kg. The rabbits were approximately 
6 months old and weighed around 2.5 Kg. Animals of 
both species received injections of an alconolic-aqueous 
solution of digitonin into the jugular vein. The first 
injection was made with a solution having a 1 per cent 
digitonin content in a mixture of 55 parts of 0.9 per 
cent sodium chloride and 45 parts of 95 per cent ethyl 
alcohol. The dogs were given a slow injection of 5 cc. 
of this solution, while the rabbits were given 1 cc. The 
following blood constituents and properties were deter- 
mined in the dogs immediately before the administration 
of the solution and five, fifteen and forty-five minutes 
and two, five and twenty-four hours thereafter: hemo- 
globin, erythrocytes, leukocytes, sedimentation rate, 
plasma viscosity, total serum cholesterol, serum ester 
cholesterol. The same constituents and properties were 
determined in the rabbits, but the intervals after the 
injection were as follows: five and forty-five minutes, 
three and twenty-four hours. 

During the following fourteen days twelve injections 
of 10 cc. of the solution or 0.1 Gm. of digitonin were 
given to the dogs. As the neck became distinctly indu- 
rated and swollen, the treatments were discontinued for 
two weeks and were then resumed with a more dilute 
alcoholic solution (10 per cent). The dogs received 
daily 0.05 Gm. of digitonin during the first week of this 
second course of injections and 0.1 Gm. of digitonin 
during the next two weeks. While the reduction in 
concentration of the alcohol content of the solution 
reduced considerably the local inflammatory perivascular 
reactions, the jugular veins and also smaller veins of 
the legs subsequently used became finally obliterated. 
The last injection was therefore given intraperitoneally, 
and the dogs were killed the following day, i. e., eight 
weeks after the start of the experiment. 
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The rabbits received throughout the experiment one 
tenth of the dose given to the dogs, introduced first 
into the jugular vein and later into the aural vein. 
The local reactions were similar to those seen in the 
dogs and interfered finally with the further continua- 
tion of the experiment, which was terminated, with the 
last survivor dying six weeks after the start of the ex- 
periment. The other members of this series died two, 
twenty-two, thirty-two, thirty-three. and thirty-eight 
days after the first injection. Blood tests were made at 
weekly intervals during the chronic phase in both dogs 
and rabbits. 


HEMATIC REACTIONS 


The acute hematic reactions after a single intravenous 
injection of a solution of digitonin had the following 
character in dogs and rabbits: The hemoglobin con- 
tent of 1 dog dropped progressively after the injection 
during the first two hours and recovered then to almost 
the original value, while in the other 2 dogs there was 
during the five and the fifteen minute test a distinct 
rise in the amount of hemoglobin, ranging between 1 
and 3.3 Gm., which was followed by a drop in the 
forty-five minute and the two hour test. There was a 
partial or an overcompensated recovery at five hours, 
with a second drop in all 3 dogs in the twenty-four 
hour test. In the rabbits the course of the hemoglobin 
reaction was somewhat different. Again only 1 rabbit 
exhibited a progressive drop of the hemoglobin content, 
whereas all other rabbits showed during the first forty- 
five minutes a progressive rise, amounting to a minimum 
of 1.5 Gm. and a maximum of 5.4 Gm. This movement 
was followed at the three hour test by a sharp drop 
to values approaching in part those present before the 
injection. At the twenty-four hour period the original 
or somewhat higher values prevailed. The fluctuations 
in the number of erythrocytes followed a course similar 
to that of the hemoglobin. 

In both dogs and rabbits five and fifteen minutes after 
the injection severe leukopenia was present as a result 
of the introduction of the colloidally dispersed digitonin 
into the blood stream. While in the dogs this reaction 
was followed at the forty-five minute period by leuko- 
cytosis, in the rabbits the leukopenic response persisted 
in the forty-five minute test. The three hour test, how- 
ever, revealed distinct leukocytosis also in the rabbits. 
There were no significant changes in the sedimentation 
rate or in the plasma viscosity during the first twenty- 
four hours after the injection. While in the dogs there 
occurred a slight transitory decrease in the amounts of 
total and ester cholesterol after injection, these fluctua- 
tions remained well within the range of physiologic 
variations. These changes were even less marked and 
uniform in the rabbits and when present affected both 
the total and the ester cholesterol, indicating that they 
were probably not the result of a precipitation of the 
free cholesterol by the digitonin injected. All blood 
constituents remained within normal limits during the 
chronic phase of the experiment. 


Pathologic Data—The dogs which had been given 
solution of digitonin intraperitoneally one day before 
death showed at autopsy a moderate amount of turbid, 
blood-tinged fluid in the abdominal cavity. The omen- 
tum was contracted and hyperemic. The livers were 
dark red and enlarged. The spleens were swollen, firm 
and grayish red. The kidneys exhibited yellow stripes 
in the cortex. The organs of the thoracic cavity were 
normal. 

The rabbits which died showed at autopsy congested 
lungs with hemorrhagic foci. The livers often exhibited 
yellow spotting. All other organs were essentially 
normal. 
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The histologic examination of the lungs of 1 dog 
revealed considerable congestion and edema associated 
with scattered hemorrhagic areas. The hyperemic livers 
contained numerous small nodular proliferations of 
Kupffer cells, some of which were large and had several 
nuclei. The thyroid follicles were in part large and 
filled with solid colloid and in part small or medium 
size with desquamated pyknotic epithelial cells in their 
empty lumens. The aortas and the large arteries were 
essentially normal. No abnormalities were found in the 
hearts, the kidneys, the spleens, the parathyroid glands, 
the pancreases, the intestines, the adrenal glands and the 
bone marrows. 

The lungs of the rabbits revealed a high degree of 
hyperemia and edema and numerous hemorrhagic foci. 
Myocardial hemorrhages were present in the heart of 
1 rabbit. In the heart of 1 other rabbit a mural hyaline 
thrombus was found in the ventricle. Interstitial edema 
and increase of cells of fibroblastic or histiocytic 
character, associated in 2 rabbits with small muscular 
necroses, occurred in the hearts of 3 rabbits. The livers 
were hyperemic, and those of 2 rabbits contained small 
to extensive hyaline necroses with proliferation of the 
Kupffer cells. Many of the necroses were pericentrally 
located, and the lumens of the vessels were closed by 
hyaline thrombi. The livers of these animals, as well 
as those of 2 others, contained a moderate degree of 
periportal infiltration. The spleen of 1 rabbit showed 
marked congestion associated with hemorrhages into the 
pulp and a wedge-shaped infarcted area. The kidneys 
of 5 rabbits contained interstitial round cell infiltra- 
tions of the cortex, while hemorrhages and _hyalini- 
zations of the glomeruli were seen in a kidney of the 
sixth rabbit. The aorta was normal in all rabbits ex- 
cept 1, in which one ring revealed a small subintimal 
calcification in the media with degeneration of the sur- 
rounding muscular tissue. All other large arteries were 
normal. No abnormalities were seen in the adrenal 
glands, the ovaries, the uteri, the thyroid glands, the 
pancreases or the bone marrows. 
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COMMENT AND CONCLUSIONS 


The observations reported indicate that in 
dogs and rabbits the repeated and prolonged 
intravenous introduction of solutions of the 
saponin digitonin does not result in hypercholes- 
teremia and atheromatous lesions of the arteries 
such as were reported by Handovsky after the 
injection of Quillaja bark or any other type of 
saponin. It was shown, moreover, that the intra- 
venous administration of solutions of digitonin 
elicits transitory leukopenia and, in most ani- 
mals, transitory erythrocytosis, suggesting that 
digitonin in the amounts injected does not pro- 
duce any considerable hemolysis. The presence 
of thrombi in the veins at the sites of injection 
as well as in | heart, 1 spleen and 1 liver demon- 
strates the injurious action which digitonin 
exerts as a cytotoxic detergent on the vascular 
endothelium. The splenic, myocardial and hepatic 
hemorrhages and necroses represent secondary 
reactions to these vascular disturbances. The 
reticuloendothelial nodular proliferations found 
in the livers of the rabbits suggest that the in- 
jected digitonin or its cholesterol-digitonin deriv- 
ative was reacted on as a foreign colloidal ma- 
terial. Digitonin thus shares only some of the 
most common toxic effects elicited by many 
saponins (hemorrhagic diathesis, necroses in the 
liver, the kidneys and the bone marrow, [ietero- 
topic myeloid proliferations, atrophy and fibrosis 
of bone marrow ). 
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PERIARTERITIS NODOSA IN PREGNANCY 
A. C. Wess, M.D., Wasuincton, D. C. 


» Periarteritis nodosa is still comparatively rare. 


< 
Since Kussmaul and Maiers gave the first 
f ‘ anatomic description of the disease, in 1866, 
‘ ” approximately 200 cases have been reported. 
In’ 1,510 autopsies in Freedmen’s Hospital, 
4@» \Vashington, D. C., during the past fourteen 
years periarteritis nodosa was seen twice. This 
4 {Bf Pis a report of a recent case complicated by 
; ’ eclampsia and puerperal infection. 
4 > 
REPORT OF A CASE 
A nullipara 26 years of age came to the prenatal 
clinic of Freedmen’s Hospital in June 1943 because of 
- , slight abdominal pain. The family and past histories 


were not significant except that her mother had bé&€n 
taking antisyphilitic treatment. The patient’s menses 
A * began at the age of 14, were of the twenty-eight day 
type, lasted four days with a moderate flow and were 
accompanied by headaches. Her last period was on 
Jan. 20, 1943. 

At her first visit her blood pressure was 109 systolic 
and 60 diastolic. The Wassermann test was reported 
positive on June 7, and treatment for syphilis was begun 
on June 18. She received eight injections of neoars- 
phenamine. As an ambulatory patient she did not show 
satisfactory progress. She began to complain of head- 
aches and dizziness. Her blood pressure showed a 
steady rise to a maximum of 154 systolic and 104 dias- 
tolic. Hospitalization was therefore deemed advisable. 

On admission, September 3, the temperature was 98, 
the pulse rate 90 and the blood pressure 160 systolic 
There were no significant physical 
findings except a gravid uterus of eight months. Fetal 
heart tones were heard in the left lower quadrant of 
@ the abdomen. 

The urinary findings were: albumin, 2 plus; specific 
gravity, 1.015; sugar, casts and microscopic blood, none. 
Study of the blood gave the following information: 
nonprotein nitrogen, 108 mg. per hundred cubic centi- 


» es 


4 émeters; creatinine, 3.79 mg. per hundred cubic centi- 


meters; icteric index, 24.4; carbon dioxide—combining 
4 | * power, 40.5 volumes per cent; serum amylase, within 
‘ normal limits; red blood cells, 3,500,000; white blood 
cells, 6,500; hemoglobin content, 65 per cent. A Fouchet 
test showed the presence of bilirubin in the blood after 
twenty minutes; after sixty minutes the result was 
2 plus. 
7 , “ These symptoms and findings indicated severe tox- 
emia, and it was thought that the condition was 
¥ | ™ preeclamptic. Therapy included administration of pento- 
« } » barbital sodium, intravenous injection of 50 cc. of a 
50 per cent solution of dextrose and maintenance on 
a salt-free diet. The taking of fluids was restricted, 
thiamine hydrochloride and ferrous sulfate were given 
three times a day and magnesium sulfate every other 
* ¥ “lay. The patient continued to complain of vague pain 
low in the abdomen, which, however, did not appear 


f | Nto be uterine because there were no contractions of 
+ i eaten 


ast 





~~ 


From the Department of Pathology,’ Howard Uni- 
versity College of Medicine. 
1. Baker, L. A.: Ann. Int. Med. 7:223, 1942. 





Case Reports 


329 




































































the uterus with the pain. The blood pressure remafhed 
elevated, reaching a peak of 190 systolic and 130 dias- 
tolic on September 16. Since there was no improve- 
ment, it was decided that labor should be induced. 
Small doses of pitocin with sodium bicarbonate were 
started on September 18. On September 21 the patient 
was having regular labor pains. The cervix showed a 
dilatation of 2.5 cm. and admitted the tips of two fingers. 
This was the first vaginal examination; all previous 
examinations had been rectal. A vertex presentation 
was disclosed, which was not engaged. The membranes 
were ruptured with some difficulty, and about 100 cc. 
of odorless greenish clear fluid escaped. The following 
day the patient delivered a 5 pound (2,268 Gm.) pre- 
mature live infant, whose development was satisfactory 
during his stay of two weeks in the hospital. The pla- 
centa was expelled intact twenty minutes later. Follow- 
ing delivery, the patient had persistent vomiting. 

On September 23 2,000 cc. of a 5 per cent solution 
of dextrose in distilled water was given intravenously. 
On September 24 the temperature was 99.8 F., the pulse 
rate 90, the blood pressure 160 systolic and 120 diastolic, 
and the leukocyte count 36,170. The scleras were icteric. 
On September 25 the leukocyte count was 19,700 and 
the erythrocyte count 1,230,000. The sedimentation rate 
was 24 mm. per hour (no correction for anemia). The 
patient’s condition grew steadily worse, with deepening 
jaundice and abdominal tenderness. There was no favor- 
able reaction to transfusion of 500 cc. of whole blood 
and intravenous administration of 1,500 cc. of a 5 per 
cent solution of dextrose in isotonic solution of sodium 
chloride. Four days after delivery, following convul- 
sions and coma, the patient died. 

Autopsy (fifteen hours after death)—The only sig- 
nificant external abnormality was the yellow appearance. 
The abdominal cavity contained 400 cc. of thin yellowish 
fluid. The fundus of the uterus was 10 cm. above the 
symphysis pubis. The pleural cavities contained about 
200 cc. of thin amber fluid. The lungs were large and 
edematous. On the external surface of the heart, along 
the courses of the vessels, were many beadlike dark 
red nodules (figs. 1, 2 and 3). Similar nodules were 
found in the kidneys and throughout the mesentery of 
the small intestine. All were indurated, and the largest 
measured 3 mm. in diameter. The liver weighed 2,300 
Gm. On the sectioned surfaces were numerous small 
grayish soft areas, the larger of which were 6 mm. 
in diameter. The uterus contained a large amount of 
coagulated blood. 

Microscopic examination showed extensive arteritis 
in the kidneys, the heart and the mesentery of the small 
intestine but not in the brain, the pancreas, the adrenal 
glands or the spleen. This process was best iflustrated 
in the kidneys, where there were scattered infarcts and 
extensive inflammation and thrombosis of the medium 
and small arteries and arterioles. The inflammatory 
cells were lymphocytes, monocytes and a few neutro- 
philic polymorphonuclear leukocytes. The most signifi- 
cant lesion was necrosis of the media, which extended 
to and destroyed the adventitia and the intima, with 
small outward bulgings that had the appearance of my- 
cotic aneurysms (figs. 4 and 5). In some vessels the 
process was reparative, with proliferation of fibrous 
connective tissue within the wall and around the vessels. 
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The extent and the age of the thrombi varied con- 
siderably: Some were recent, while others were organ- 
ized around diminished lumens. A few small arteries 
were completely occluded by fibrotic thrombi. There 
was extensive degeneration of the tubular epithelium. 

[he panarteritis and thrombosis of the smaller coro- 
nary arteries were associated with focal atrophy and 
necrosis of the myocardium. 

The liver showed necrosis, most marked in the periph- 
eral zones of the lobules. These areas were infiltrated 
with small round cells, mononuclears, neutrophilic poly- 
morphonuclear leukocytes and red blood cells. This 
peripheral type of necrosis with secondary hemorrhage 
is characteristic of eclampsia.2 There were, however, 
many other areas of necrosis, some around the central 
vein and others involving entire lobules (fig. 6). The 
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PATHOLOGY 


The uterus on its inner surface was covered with a 
thick fibrinopurulent and hemorrhagic exudate. The 
wall of the uterus was extensively infiltrated by inflam- 
matory cells, chiefly neutrophilic polymorphonuclear 
leukocytes. 

Culture of the blood from the right auricle showed 
3acillus coli communis. 


COM MENT 


The variation in the degree of involvement 
in the different organs and tissues in periarteritis 
nodosa and the varying stages in the develop- 
ment of the lesions are responsible for the con- 
fusing clinical picture. In this case the reparative 
mm 


fibrosis evident some of the arterial lesions 


Fig. 1.—Heart showing mycotic aneurysms as dark beadlike nodules. 


Fig. 2.—Photomicrograph of one of the nodules seen in figure 1, 


artery and complete occlusion of one of its branches. 


Fig. 3.—Higher magnification of the small artery seen in figure 2, showing an organizing thrombus. 


infiltration of the wall by small round cells. 


Fig. 4—Photomicrograph of kidney 
The upper left, upper right and lower 
healed, with a constricted lumen; the 


Note 


- . . . . . . - 
showing a large fibrotic, partly hyalinized area in which are four vessels. 
right vessels are in the acute necrotic stage; the lower left vessel is 


Fig. 5—Higher magnification of one of the vessels in figure 4, illustrating the acute necrotizing phase, with 


all coats of the vessels infiltrated by inflammatory cells. 


Fig. 6.—Photomicrograph showing necrosis around 


intrahepatic extensions of Glisson’s capsule were exten- 
sively infiltrated by inflammatory cells. Other changes 
in the liver were passive congestion, albuminous degen- 
eration and fatty metamorphosis. 


2. Boyd, W.: Text-Book of Pathology, ed. 4, Phila- 
delphia, Lea & Febiger, 1943, p. 526. 


small vessel at the bottom is partly healed. 
the central vein. 
s 
indicates that the arteritis was older than the 
puerperal infection. The early and persistent 


symptom of abdominal pain was probably due 
to the extensive mesenteric thrombosis, causing 
occlusion of small arteries supplying the nerves. 
The panarteritis did not involve the liver, and the 


: cas , ‘ 4 
showing partial thrombosis of a large 
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marked necrosis in this organ was not exclu- 
sively eclamptic in distribution. To what extent, 
if any, the antisyphilitic treatment was respon- 
sible is not known. It seems reasonable to 
conclude that the hepatic necrosis was the basis 


» for the jaundice. 


The intractable hypertension may be explained 
by the thrombosis in the renal arteries. Experi- 
mentally, Goldblatt, Lynch, Hanzal and Summer- 
ville * have established a syndrome in animals 
similar to essential and malignant hypertension 
in man as a result of partial compression of one 
both main renal arteries. This ischemia 
causes the kidney to secrete an enzyme known 
as renin, which acts on a blood globulin, hyper- 
tensinogen, and gives rise to hypertensin, which 
has a vasoconstrictor action.* Corcoran and 
Page,® however, have shown that renal ischemia 
is not the necessary cause for renal hypertension 
since the same result may be induced experi- 
mentally by intrarenal reduction of pulse pressure. 
The histologic picture of marked parenchymatous 
degeneration explains the renal insufficiency. 

The myocardial degeneration and necrosis, due 
to thrombosis, were focal, not diffuse, and com- 
paratively high vascular tension was maintained 
until thirty minutes before death, the final read- 
ing being 160 systolic and 100 diastolic. 

The puerperal infection with B. coli communis 
followed the rupture of the membranes on 
September 21, after which there were slight 
elevation of temperature, leukocytosis and a 
sedimentation rate of 24 mm. per hour. This 
was the final assault on an organism already 
overburdened with pathologic processes. 

The etiologic factor of periarteritis nodosa is 
still unknown, and a lengthy discussion of the 
several theories will not be attempted here. How- 
ever, a few recent contributions may be men- 
tioned. In 1942 Rich® reported a series of 8 
cases in which hypersensitive reactions to the 


therapeutic use of foreign serum and sulfonamide 


3. Goldblatt, H.; 
Summerville, W. W.: 

4. Mufioz, J. M.; 
J. C., and Leloir, L. F.: 


Lynch, J.; Hanzal, R. F., and 
Am. J. Path. 9:942, 1933. 
3raun-Menendez, E.; Fasciolo, 


Am. J. M. Sc. 200:608, 1940. 


5. Corcoran, A. C., and Page, I. H.: J. Lab. & 
Clin. Med. 26:1713, 1941. 

6. Rich, A. R.: Bull. Johns Hopkins Hosp. 71:123 
and 375, 1942. 
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compounds had developed, and presented evi- 
dence that the disease can be “a manifestation of 
the anaphylactic type of hypersensitivity.” In 
1943 Lichtman, Stickney and Kernohan'’ ob- 
served that asthma, eosinophilia and involvement 
of the peripheral nerves are frequent character- 
istics of the disease, suggesting an allergic reac- 
tion. In the same year, McCall and Pennock * 
reported 10 cases in which there was no history 
of sensitivity to sulfonamide or of serum sickness, 
although 4 of their patients had received sulfon- 
amide compounds during the acute terminal ill- 
ness. They concluded that the disease is “due 
either to a specific bacterial agent or a specific 
vascular reaction to some unidentified toxin or 
other harmful mechanism.” The histogenesis, 
however, is better understood and is well illus- 
trated in this case. It begins, according to Smith 
and Gault,® as acute segmental periarteritis of the 
smaller arteries, which soon involves the entire 
wall, with necrosis of the media, weakening of 
the wall and formation of mycotic aneurysms. 
The latter are the nodules seen on gross exami- 
nation. Usually, these nodules are more wide- 
spread than was observed in this case. Injury to 
the intima results in thrombosis. If the patient 
survives the acute stage, reparative fibrosis de- 
velops in the media and perivascular tissues. At 
autopsy it is usual to see lesions in various stages 
of development and repair. Hemorrhage, lumi- 
nal occlusion and infarction in various organs are 
responsible for the disabilities from which the 
patient suffers. 


SUMMARY 


Periarteritis nodosa was observed in a parturi- 
ent woman whose death most probably can be 
ascribed to severe toxemia and puerperal sepsis. 
The role played by the lesions of periarteritis 
nodosa in relation to the death of the patient 
cannot be evaluated. 


7. Lichtman, A. L.; Stickney, M. A., and Kerno- 
han, J. W.: Proc. Staff Meet., Mayo Clin. 18:500, 
1943. 

8. McCall, M., and Pennock, J. W.: Am. J. M. Sc. 
206 :652, 1943. 

9. Smith, L. W., and Gault, E. S.: Essentials of 
Pathology, ed. 2, New York, D. Appleton-Century 
Company, Inc., 1942, p. 428. 








ACTINOBACILLUS LIGNIERESI 


D. L. Custis, M.D.; Henry HAttey, M.D., 


The case to be presented is one of mitral endo- 
carditis due to infection with Actinobacillus 
ligniéresi, complicated by focal embolic nephritis 
and embolic disturbances of the spleen, the 
meninges and the skin. The clinical course 
resembled that of endocarditis due to infection 
with Streptococcus viridans. A. ligniéresi was 
isolated from the blood stream during life and 
was grown in several different postmortem cul- 
tures. 

REPORT OF A CASE 


A 43 year old white man, single, a real estate broker, 
had been well prior to Dec. 10, 1941, when he had a 
severe chill with fever, nausea and vomiting. Three 
days later there was another chill, followed by a rise 
of temperature to 102 F. He was admitted to the 
Presbyterian Hospital, observed for a period of three 
months and then discharged with a diagnosis of “fever 
of unknown origin.” 

There was a history of “growing pains” in boyhood. 
At the age of 32, while in Cuba, he had a chill and 
fever, but there were no recurrences. At the age of 
39 years, two years prior to admission to the hospital, 
he was given a diagnosis of duodenal ulcer on the basis 
of epigastric pain relieved by alkaline powders, without 
fluoroscopic confirmation. During that illness, a loud 
cardiac murmur was also detected. It was the patient’s 
habit to spend frequent vacations on a Michigan farm. 
This was his only exposure to cattle. The family his- 
tory was not significant. Examination on admission 
disclosed a loud blowing systolic murmur at the cardiac 
apex. The borders of the heart were within normal 
limits. The spleen was palpable and remained palpable 
for a period of one week, after which it could not be 
felt during the remainder of his stay. The blood pres- 
sure was 112 systolic and 84 diastolic. There were no 
other significant physical findings. His temperature 
these two months varied by 1 to 3 F. daily, suggesting 
mild sepsis. There was no anemia, and the leukocyte 
count was 6,000 per cubic millimeter, with a normal 
differential count. The Kahn reaction of the blood 
was negative, as were agglutination tests for enteric 
organisms. Repeated cultures and smears of blood con- 
sistently showed no infection of the blood stream. The 
stools were normal, and the sputum contained no sig- 
nificant organisms. Urinalyses gave negative results. 
An electrocardiogram taken was interpreted as indi- 
cating mild cardiac damage with occasional ventricular 
extrasystoles. A roentgenogram of the chest disclosed 
changes in the subapical region of the left lung, diag- 
nosed as healed tuberculosis. Cutaneous tests with 
brucellergin and tuberculin were also negative. 

An empiric course of treatment with quinine had no 
effect on the septic curve of the temperature, but sulfa- 
thiazole given in small doses kept the patient fever 





From the departments of medicine and pathology 
of the Presbyterian Hospital. 


ENDOCARDITIS 


AND CHARLES M. Bacon, M.D., CHICAGO 
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free. Just before his dismissal, he complained of a“ 
tender finger tip, where a small purpuric lesion 
developed. 


During the subsequent twelve months, he returned 
to work and was fever free only so long as he main- 
tained his intake of sulfathiazole. During this period 
all possible foci of septicemia were checked, and in 
May of 1942 he was examined elsewhere without satis- 
faction as to diagnosis. At that time microscopic 
hematuria was first detected. Cystoscopic examination 
revealed no lesions. He was then given a course 
of treatment with quinacrine hydrockloride, following 
which he was told to resume the use of sulfathiazole. 
In July he left Chicago for an extended rest on his 
farm in Michigan, and from then on his condition 
became progressively worse. A low grade fever began 
to appear in spite of sulfathiazole. He lost 20 pounds 
(9 Kg.) during the next six months and noticed 
increased malaise and fatigability. The blood level of 
sulfathiazole was maintained around 3 mg. per hundred 
cubic centimeters, and frequent checks showed the_con- 
centration of hemoglobin to be falling slowly. Blood 
cultures made at intervals were negative. Cultures of 
a periapical dental abscess on September 11 revealed 
Str. viridans. 

He was readmitted Feb. 9, 1943. At this time the 
left border of the heart extended definitely beyond 
normal limits. The systolic murmur was more harsh 
than it had been previously but otherwise it was un- 
changed. The spleen was easily felt. Frequent urin- 
alyses during the remainder of his life showed albumin, 
erythrocytes and cellular and hyaline casts. Tests of 
renal function at intervals and chemical examinations 
of the blood revealed progressive renal damage. There 
was mild anemia and 8,800 leukocytes per cubic milli- 
meter with a normal differential count. The taking 
of sulfathiazole was stopped, and the fever recurred. 
He had chills daily and sometimes twice daily, followed 
by temperatures ranging from 102 to 104 F. The blood 
was cultured daily in agar pour plates over a period 
of two weeks. Use of sulfadiazine, 74 grains (0.48 Gm.) 
four times a day, was then started but*failed to have 
any effect on the fever. Sulfathiazole in the same 
dosage was substituted, and the fever rapidly subsided. 
A transfusion of whole blood on February 28 failed to 
raise the erythrocyte count appreciably. On March 1 


o- 


, 


the patient began complaining of nausea and frequently ~ 


vomited, a difficulty from which he never completely 
recovered. Gastric fluoroscopy at this time revealed 
a large active duodenal ulcer and consequently a modi- 
fication of the regimen for patients with ulcer was 
instituted. By March 20 four of the blood cultures 
made in February yielded colonies of identical bacteria 
identified as A. ligniéresi. At this time a diagnosis 
of actinobacillar endocarditis was made. Potassium 
iodide (30 grains [1.94 Gm.] per day for a period of 
two weeks) did not alter the course of his illness. 
The remainder of the course was progressively down- 
ward. After June 1 there were frequent embolic phe- 
nomena in the skin, the viscera and the brain. The blood 
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nonprotein nitrogen rose as high as 150 mg. per hun- 
dred cubic centimeters. The hemoglobin and erythro- 
cyte concentrations fell steadily in spite of transitory 
benefits from three transfusions of whole blood and 14 
transfusions of red cells. The lowest level of total 
protein in the blood was 4.9 Gm. per hundred cubic 
centimeters on July 21, 1943, with an albumin-globulin 
ratio of 1.35. The hemoglobin concentration on admis- 
sion was 50 per cent and fell to a minimum of 35 per 
cent. The red cell count on admission was 4,000,000; 
it reached a maximum of 4,320,000 and finally a low 
of 2,100,000. The specific gravity of urine samples 
was never higher than 1.020. 

Following a transfusion of red cells on July 23, he 
had a severe hemolytic reaction with delirium and 
jaundice. Concomitantly cardiac failure developed, 
which responded rapidly to digitalization. 

A month before his death penicillin therapy was 
considered in view of encouraging results reported in 
cases of actinomycotic infection. The drug was not 
available at the time, however, and resort was made 
to larger doses of sulfathiazole. Following the admin- 
istration of 8 Gm. per day for six days, the patient 
became comatose, with rapid recovery on withdrawal 
of the drug. The highest level of sulfathiazole in the 
blood at this time was 18 mg. per hundred cubic 
centimeters. 

During the last two weeks of life the patient was 
confused and displayed frequent convulsive seizures 
with generalized muscular twitchings. The carbon 
dioxide in the blood amounted to 35 mg. per hundred 
cubic centimeters; the chlorides, to 600 mg., and the 
nonprotein nitrogen, to 103 mg. There was no ter- 
minal rise in fever. The patient died in respiratory 
failure during a left-sided convulsive seizure. 

Summary of the Postmortem Examination (Henry 
Halley).—The examination was begun nine and a half 
hours after death and included the head and trunk. 
There was generalized emaciation (weight, 104 pounds 
[47 Kg.]; length, 178 cm.). The trunk and extremi- 
ties were speckled with innumerable petechiae 2 to 
4 mm. apart. The subcutaneous tissues and muscles 
were moist. 

The heart weighed 275 Gm. On the mitral leaflets 
were large firm vegetations, mottled pale yellow and 
gray-tan; they were firmly adherent to the leaflets, 
involving two thirds of the posterior leaflet and ex- 
tending across the anterior commissure onto the anterior 
leaflet; they also protruded into the orifice so as to 
produce partial occlusion. The only induration of the 
leaflets observed was at one point on the margin of 
the posterior leaflet. The chordae tendineae were nor- 
mally slender. There were accessory chordae tendineae 
of the left cardiac ventricle, with which the murmurs 
may have been associated. There was no previous 
disease of the mitral valve predisposing to the forma- 
tion of this vegetation. The vegetation was composed 
of pink, firm, amorphous material intermingled with 
dark blue-purple masses, most abundant about the edges, 
with a relatively superficial fibroblastic organization 
in the base extending up on the edges. Neutrophils 
were abundant in the base and over the summit but 
absent within the vegetation. Examination under oil 
immersion failed to disclose a distinct bacterial form, 
apparently because of degenerative changes in the blue- 
staining masses. In the slightly indurated portion of 
the posterior leaflet the thickening was due partly to 
fibroblastic overgrowth with hyalinization of the core 
of the leaflet and acute exudative inflammation. This 
portion is interpreted as changed by the bacterial endo- 
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carditis rather than by rheumatic inflammation (figure). 
The myocardium showed acute and subacute exudative 
focal inflammation with occasional regions of focal 
necrosis and beginning fibroblastic proliferation. This 
is interpreted as focal embolic myocarditis. Prominent 
on both surfaces of the pericardium was a yellow 
fibrinous exudate, observed microscopically to be acute 
with early subacute change. Cultural examinations of 
the pericardial fluid, the cardiac blood and the mitral 
vegetation disclosed an organism identified by the bac- 
teriologist as A. ligniéresi. From the vegetation there 
was also cultured Str. viridans, in broth only, and a 
chromogen, otherwise unidentified. Because the strep- 
tococcus was not isolated from the cardiac blood or 
the pericardial fluid it ig believed not to have been a 
contaminant. The mitral vegetation was a source of 
emboli carried to the kidneys, the spleen and presum- 
ably to the skin and the leptomeninges. 

Each kidney weighed 220 Gm. and had a smooth, 
pale yellow-tan surface, from which the capsule stripped 
readily and on which were innumerable pinpoint red 
dots giving a flea-bitten appearance. Microscopically, 
the malpighian corpuscles were changed by partial 
fibrinous occlusion in the capillaries with partial necrosis 
of the tufts, by sparse neutrophilic exudate in the 
tufts and capsular spaces and by disseminated endo- 
thelial and tuft-epithelial proliferation and occasional 
adhesions. The capsular tissue generally was not in- 
volved. In the stroma were diffuse fibroblastic over- 
growth and focal infiltrations of lymphocytes, plasma 
cells, neutrophils, amorphous hyaline casts and erythro- 
cytes. In the pyramids the interstitial inflammation 
was predominantly neutrophilic. These changes are 
interpreted as those of acute and subacute focal embolic 
and acute subacute interstitial nephritis. One small 
red infarct was observed in one kidney. 

The spleen weighed 950 Gm. The enlargement was 
due to acute hyperplasia and congestion with a moder- 
ate abundance of lymphocytes and plasma cells, lesser 
numbers of neutrophils and macrophages and sparse 
eosinophils. The splenic follicles were small and pri- 
mary in type, altered by slight fibroadeniae. Across 
the upper pole there were two recent large infarcts, 
characterized by pink-yellow coagulation necrosis, with 
only superficial organization about the edge, chiefly 
the capsular edge. Culture of the infarcted portion 
was productive of actinobacilli, whereas culture of the 
noninfarcted pulp was productive of Escherichia coli 
communior. Gram-Weigert preparations of the edge 
of the infarcted portions under oil immersion disclosed 
no organisms which could be identified with certainty 
as actinobacilli. 

In the leptomeninges were disseminated thin hemor- 
rhages. The largest was over the right occipital pole, 
and there was one orange-brown patch on the upper sur- 
face of the cerebellum. Microscopically, hemorrhage 
predominated, with occasional neutrophils in the regions 
of hemorrhage and a few perivascular infiltrations of 
neutrophils in the superficial portions of the cortex. 
The cerebrospinal fluid was not cultured; it was not 
grossly turbid. 

Examination of sections of skin did not disclose sig- 
nificant inflammation. The petechiae are considered as 
due to terminal embolism. 

The lungs revealed acute hemorrhagic and granulo- 
cytic lobular pneumonia of moderate intensity with no 
evidence of old or new pneumonitis except for changes 
characteristic of an inactive or healed reinfection type 
of tuberculosis. This disease was indicated by bilateral 
apical scarring with disseminated calcification and by 
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CUSTIS ET 
encapsulated caseous nodules surrounded by scars in 
the subapical portion of the upper lobe of the left lung 
extending toward the hilus, where there was an encap- 
sulated caseous lymph node. Microscopic examination 
failed to disclose any active tuberculous inflammation 
in these portions of the lungs. No evidence of active 
or healed tuberculosis was observed elsewhere in the 
body. 

The liver weighed 2,200 Gm. The enlargement was 
due to passive congestion. There was some atrophy 
of the central portions of the lobules. Microscopically, 
occasional foci of hemorrhagic necrosis were observed. 
The Kupffer cells were not hypertrophic. There was 
a slight neutrophilic inflammation disseminated in the 
portal spaces. 

The body was anemic, and microscopic examination 
of the marrow from a lumbar vertebra disclosed hyper- 
plasia with active granulopoiesis and erythropoiesis. 
The scleras were faintly yellow without yellowness 
of the skin, and their yellowness may have been hemo- 
lytic in origin, associated with the septicemia and 
chronic progressive anemia. 

In the duodenum was a subacute ulcer. 


Correlation with Clinical Observations (Henry 
Halley)—The main features of the clinical 
course were the duration of about eighteen 
months with fever, loss of weight, progressive 
anemia, associated in the last few months with 
sepsis, terminal embolic phenomena, distress 
from a duodenal ulcer and finally renal failure 
and acidosis. Incidental was a sizable inactive 
old reinfection type of pulmonary tuberculosis, 
apparently without a history of clinical tuber- 
culosis. 

The changes observed at autopsy correspond 
to the clinical changes in the latter part of the 
iliness. The renal failure is explained by the 


nephritis; the embolic phenomena and septi- 


cemia, by the bacterial endocarditis; the anemia 
is probably associated not only with the sepsis 
but with the prolonged administration of sulfon- 
amide drugs; the terminal pneumonia was prob- 
ably of the aspiration type, and changes in the 
mental state may have predisposed the patient 
to it; it was not associated with a terminal 
exaggeration of the fever. The relation of the 
duodenal ulcer to the bacterial endocarditis and 
its complication is problematic. This endo- 
carditis resembles the usual Str. viridans 
endocarditis complicating preexisting rheumatic 
endocarditis but differs from this entity in the 
absence of preexisting heart disease. 

The postmortem evidence observed does not 
correspond with the total length of the illness. 
The oldest histologic changes observed were in 
the stroma of the kidneys where there was more 
fibroblastic proliferation than was observed in the 
sections of the mitral vegetatiomr. Microscopic 
hematuria was first observed about thirteen 
months before death. Whether the endocarditis 
was present at that time is not certain since the 
entire vegetation was not examined micro- 
scopically. It is possible that there was present 
an old focus small in size and obscured by the 
more recently formed portion of the vegetation. 
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It is believed that the nephritis was predomi- 
nantly focal embolic in type rather than originally 
beginning as a pure form of Bright’s disease. 


Report of the Bacteriologist (Bernice Rhodes): Blood 
cultures, made on four different occasions during the 
course of the illness by the agar pour plate method, 
revealed colorless colonies 1 mm. in diameter. Micro- 
scopically, they consisted of small pleomorphic gram- 
negative rods with a number of involution forms, some 
filamentous. They were nonmotile and were not acid 
fast. Growth in milk was accompanied by formation 
of acid but no coagulation as was growth in lactose, 
saccharose and dextrose mediums. Subcultures were 
best obtained aerobically, but growth also occurred 
anaerobically in plain or blood agar. Relatively large 
intravenous dose$’ in rabbits and rats caused peritonitis 
and death of the animal in twenty-four hours. The 
same organism was recovered from several postmortem 
cultures, as already discussed. Serologic studies were 


not done. On the basis of morphologic and cultural 
characteristics the organism was identified as A. 
ligniéresi. 


REVIEW OF LITERATURE 


A. ligniéresi was first identified and described 
by Ligniéres and Spitz in Argentina in 1902." 
The organism was first differentiated when these 
workers were induced to investigate further the 
failure to stain filaments in what was thought 
to be actinomycete-infeected pus. This work re- 
vealed that organisms other than actinomycetes 
are responsible for identical clinical complexes. 
This multiple causation has since been verified 
and elaborated on by numerous investigators in 
various parts of the world. It is now generally 
agreed by observers here and abroad that 50 to 
60 per cent of the so-called cases of actinomycosis 
of cattle are actually cases of infection by various 
strains of Actinobacillus. 

Symptomatically, these two types of organ- 
isms may produce identical infections of cattle. 
Pathologically, both evoke tissue reactions re- 
sulting in areas of necrosis with sulfur granules 
and radiating. clubs. On crushing the granules, 
however, microscopic study reveals gram-nega- 
tive rods in the case of actinobacilli instead of the 
gram-positive filaments of actinomycetes. In 
cattle the former organisms have a tendency 
more often to invade the soft tissue, especially 
the lungs, the abdominal and pelvic viscera and 
the regional lymph nodes, while actinomycetes 
demonstrate a predilection for the skeletal sys- 
tem. 

Ravaut and Pinoy? are credited with having 
identified and described in 1909 the first human 
infection. They cultured Actinobacillus from the 
spinal fluid of a patient with meningitis who 
spontaneously recovered. 

Thompson,* who has contributed more to the 
knowledge of this organism than any other 


American worker, first called attention to its 
Spitz, G.: Rev. 


1. Ligniéres, J., and Soc. med. 


argent. 10:105, 1902. 
2. Ravaut and Pinoy: 
3. Thompson, L.: J. 


Presse méd. 19:49, 1911. 
Infect. Dis. 52:223, 1933. 
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prevalence among cattle in this country in 1932. 
The following year he and Williams * reported 
the second authenticated infection in man. The 
patient, who presented the clinical picture of 
endocarditis, likewise recovered. No credit was 
claimed for the iodide and arsenical therapy 
administered. In 1933 Beaver and Thompson °® 
reported a third case of human infection. The 
patient, who presented fulminating suppurative 
bronchopneumonia with metastatic abscesses, 
came to autopsy after an illness of seventeen 
days. Beaver,® reporting the pathologic mani- 
festations in this case, concluded that the granu- 
lomatous abscesses were essentially similar to 
those seen in cattle except that sulfur granules 
did not occur. 

Stanton and Fletcher,’ as well as Thompson,® 
have contested the classification of A. ligniéresi, 
which previously had been placed in the family 
Actinomycetaceae. They demonstrated conclu- 
sively the cultural and serologic relationship of 
A. ligniéresi, Bacillus whitmori and Pfeifferella 
mallei. They gave the generic name Actino- 
bacillus priority for this group, to be placed in 
the family Mycobacteriaceae. It is further 
claimed that there are several serologic variants 
of A. ligniéresi. 

A. ligniéresi is a small gram-negative bipolar 
rod, highly pleomorphic, nonmotile and not acid 
fast. It grows best under aerobic conditions on 
plain or blood agar, causing no hemolysis. Indol 
is produced, and gelatin is not liquefied. It will 
not grow on potato mediums. Acid, but no gas, 
is produced by growth in dextrose, saccharose 
maltose, mannitol and salicin. It is pathogenic 
for rabbits, guinea pigs and mice, and orchitis 
resembling the Strauss reaction has been de- 
scribed in these animals.* 

The disease is not believed to be highly con- 
tagious in cattle, being infectious only by direct 
contact. The veterinarian considers the agglu- 
tination test satisfactory for diagnosis. The 
infection in man is even more incompletely 


4. Thompson, L., and Williams, F. A.: J. A. M. A. 


99:298, 1932. 


5. Beaver, D. C., and Thompson, L.: Am. J. Path. 


9:603, 1933. 

6. Beaver, D. C.: Proc. Staff Meet., Mayo Clin. 9: 
301, 1933. 

7. Stanton, A. T., and Fletcher, W.: J. Hyg. 28: 
347, 1925. 

8. Thompson, L.: J. Bact. 26:221, 1933. 
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understood from the point of view of epidemiol- 
ogy. ‘To our knowledge only 3 cases of such 
infection have been reported. One of the in- 
fected persons was a butcher, but the others 
gave no history of contact with cattle. In only 
1 of these 3 patients was the infection fatal. A 
postmortem study of the lesions was made. 


COMMENT 

The case we have described is interpreted 
as one of actinobacillar mitral endocarditis com- 
plicated by acute and subacute focal embolic and 


interstitial nephritis with terminal renal acidosis “ 


and terminal embolism of the spleen, the skin and 
the meninges. Acute focal embolic myocarditis 
and acute pericarditis were present. The reac- 
tion on the part of the body was similar to that 
observed in the usual variety of subacute endo- 
carditis due to Str. viridans. 

Sulfadiazine was wholly ineffective in control- 
ling the fever in the case reported here and 
sulfathiazole therapy provided only transitory 
symptomatic relief. 

While actinobacillar infection in man seems 
to be rare, it is probable that many infections 
diagnosed as actinomycosis may in reality have 
been due to actinobacilli. This is the second 
fatal case among the 4 cases of such infection in 
man reported. A review of these 4 cases indi- 
cates a wide variation in the virulence of the 
organisms. Two patients recovered, apparently 
spontaneously. One had fulminating suppura- 
tive bronchopneumonia with symptoms of seven- 
teen days’ duration, and the other, endocarditis 
lasting twenty-one months. In neither of the 2 
cases which came to autopsy were sulfur granules 
found. In only 1 of these 2 cases were multiple 
granulomatous abscesses discovered. 


SUMMARY 

The case of endocarditis due to infection with 
A. ligniéresi in man reported here is the second 
fatal case among 4 cases of human infection with 
this organism described in the literature. 

From the standpoint of epidemiology the dis- 
ease in man is incompletely understood. The 
infection in cattle is considered strictly parasitic, 
spread by direct contact. 

No therapy has been found effective in curing 
the illness. Recovery when it has occurred has 
been apparently spontaneous. 
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METASTATIC CARCINOMA OF THE BREAST 


Tuomas M. Scaricaciorro.t, M.D., PHILADELPHIA 


There are few recorded instances of metastatic 
carcinoma of the breast, if one excludes cases 
of spread from cancer of the opposite breast, 
and the subject is seldom discussed in textbooks. 
By this is meant that only a few cases with 
clinical and histologic evidences of a primary 
growth in another site are reported. Several 
reports are found which do not include histologic 
descriptions or illustrations. The rarity of this 
condition is the sole reason for making the fol- 
lowing report. Dawson,’ reviewing the litera- 
ture in 1936, collected reports of 10 cases of 
metastatic neoplasm of the breast, in 6 of which 
the neoplasm was carcinoma. He presented a 
case illustrating “an unusual form of malignant 
dissemination, in which the cells are apparently 
circulating in the lymph stream without forming 
obvious metastatic deposits.” The primary 
growth in this instance was gastric carcinoma. 
In 1942 Charache ? reported 2 cases of metastatic 
cancer of the breast; in one of these the lesion 
was diagnosed as carcinoma (hypernephroma), 
and in the other, as melanoma. 

Both Dawson and Charache refer to Virchow’s 
observation that organs in which primary can- 
cers readily develop are infrequently involved by 
secondary cancers. The fact that metastases 
seldom occur in the breast, the uterus or the 
stomach, the commonest sites of primary carci- 
noma, seems to substantiate this observation. 
But, as Meigs * asserted, “cancer of any organ 
can metastasize anywhere,” and these organs are 
no exceptions. 


REPORT OF A CASE 


An obese white housewife, aged 53, was admitted to 
the neurologic service of Jefferson Hospital on Jan. 25, 
1944. Because of her confused mental state, she was 
unable to give a history. Her husband stated that she 
was well until about six years ago, when she com- 
plained of severe middorsal pain. This radiated to the 
right upper quadrant of the abdomen and recurred 
intermittently for several years. The symptoms were 
attributed to gallstones. Accordingly, four months be- 
fore admission, cholecystectomy was performed, with 
the patient under spinal anesthesia. A large calculus 
was found in the gallbladder, but the symptoms per- 
sisted despite the operation. Just prior to this opera- 
tion, pain developed in the left leg; this increased in 
severity after the cholecystectomy. Subsequently she 
was unable to move that extremity; also she noticed 

From the Department of Pathology, Jefferson Medi- 
cal College. 

1. Dawson, E. K.: 








J. Path. & Bact. 43:53, 1936. 
2. Charache, H.: Ann. Surg. 115:47, 1942. 


3. Meigs, J. V.: Tumors of the Female Pelvic 
Organs, New York, The Macmillan Company, 1934, 
p. 484. 


numbness and weakness of the right leg, a sense of 
constriction about the lower portion of the abdomen 
and incontinence of feces and urine. After several 
weeks in another hospital, she was transferred to 
Jefferson Hospital. 

‘On admission, the patient was in evident distress, 
somewhat stuporous and nonresponsive to questioning. 
The temperature and the pulse and respiratory rates 
were normal. Examination revealed rales in both lungs 
and a pathologic fracture of the upper part of the right 
femur. No other physical abnormalities were found. 





A, primary bronchogenic carcinoma showing epider- 


moid features. 8B, metastatic carcinoma of the breast 
showing much the same characteristics as the primary 
growth. 


The chief neurologic features were mental confusion, 
retarded responsiveness, muscular weakness in both arms, 
complete flaccid paralysis of the legs and other evidences 
of disturbed innervation indicating a lesion of the spinal 
cord at the fourth thoracic segment. 

The blood showed moderate anemia; the urine showed 
no abnormal features. The pressure of the cerebro- 
spinal fluid was normal, but there was no rise following 
bilateral pressure on the jugular veins. Only 1 cc. of 
the fluid could be obtained. This was xanthochromic 
and contained a few lymphocytes. 
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The roentgenologic findings were: an area of density 
in the right lung extending from the hilus into the 
upper lobe, interpreted as consolidation or carcinoma; 
metastatic areas in the skull; a pathologic fracture of 
the upper third of the right femur, around which was 
extensive mottling, probably indicative of metastatic 
neoplasm. 

The patient became progressively more stuporous. 
The temperature rose gradually to 104 F., the pulse 
rate to 162 and the respiratory rate to 56. Death 
occurred four days after admission. 

Postmortem Examination.—The body was that of a 
well developed, obese middle-aged white woman. The 
breasts were large and flabby and contained no palpable 
masses. Numerous sections of both mammae revealed 
thick, dense fibrous connective tissue, some of which 
appeared in patches separating the abundant fat. 

The right pleural cavity contained 300 cc. of dark 
amber fluid. An irregular, firm, grayish white growth 
was found about the bronchus to the upper lobe of the 
right lung, producing stenosis near the hilus of the lung. 
The bronchial mucosa over the origin of the tumor 
presented fine granularity. The upper lobe of the right 
lung was collapsed. 

The mediastinal, abdominal and pelvic lymph nodes 
were enlarged and replaced by firm, grayish white tissue. 
The kidneys and the liver were studded with grayish 
white nodules. The fourth and eighth thoracic vertebrae 
were compressed; the vertebral bodies were replaced 
by soft, necrotic, pinkish gray neoplastic tissue which 
in the eighth vertebra extended to the dura and en- 
croached on the spina! cord. Soft, red, necrotic areas 
were found in the skull, in the left ilium and in the 
upper third of the right femur, where areas of rarefac- 
tion surrounded a pathologic fracture. 

The gallbladder had been removed surgically. 
abnormalities were noted in the other organs. 

Microscopically the tumor in the lung was broncho- 
genic carcinoma. Most of the growth had an epidermoid 
character, but some areas showed a tendency tuward 
the glandular type and other areas consisted of ana- 
plastic cells. Metastases showing mainly the epider- 
moid feature were found in the mediastinal, abdominal 
and pelvic lymph nodes, the liver, the kidneys, the 
vertebrae, the ilium, the femur, the dura of the spinal 
cord, the frontal lobe of the brain and the breast. No 
sections were taken from the skull. 


No 





ARCHIVES OF PATHOLOGY 


COMMENT 


This case, in which the clinical diagnosis was 
“metastatic neoplasm of the spinal cord, primary 
site undetermined,” illustrates what Willis * de- 
scribed as a “latent primary neoplasm” ; that is, 
one in which the “attention of the clinician is 
focused on precocious metastases” while the 
primary tumor is “silent.” Only when the 
roentgenogram of the chest revealed an area of 
density in the upper lobe of the right lung was 
the possible location of the primary growth sug- 
gested. 

Although no tumor was observed grossly in 
the breasts, carcinoma was found in the micro- 
scopic sections. This lesion was located outside 
the ducts of the breast, which showed regressive 
changes with abundant dense fibrous stroma and 
fat. The metastasis had the same histologic char- 
acteristics as the original cancer. Only one sec- 
tion of several taken from the breasts revealed 
the carcinoma. Perhaps, if more sections had 
been removed, other metastases might have been 
found. If many sections of the mammary glands 
were examined routinely in cases of cancer else- 
where, probably metastatic mammary tumors 
would be found more frequently. 


SUMMARY 


There are few recorded instances in which 
mammary metastases have developed from a 
primary growth elsewhere. In the case of mam- 
mary carcinoma metastatic from primary bron- 
chogenic carcinoma which is reported here, 
neither the primary growth nor the extension 
to the breast was noted clinically. 








4. Willis, R. A.: The Spread of Tumours in the 
Human Body, London, J. & A. Churchill, Ltd., 1934, 
p. 179, 
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Forensic Medicine 


IDENTIFICATION OF PERSON 


OF DEATH FROM SKELETAL REMAINS 
FRANK R. DUTRA, M.D. 
BOSTON 
The findings of skeletal remains thought to examination that fragments are not human, it 
be of human origin nearly always raises at is seldom possible to establish the identity of 
least two medicolegal problems. One has to human bones by this means, because the micro- 


do with the identification of the person, and the 
other, with the determination of the cause of 
death. 


PERSONAL IDENTIFICATION 


There are two kinds of information to be 
sought in the examination of skeletal remains 
for the purposes of identification. One con- 
cerns the general characteristics of the body 
which these bones served. Are the bones from 
a human body? What were the age and the 
sex of the person? What can be told about 
the stature and the race? Although such in- 
formation is valuable, it may fail to establish 
individual identity. The other concerns the find- 
ing of individual skeletal peculiarities which may 
disclose the personal identity. 

Human Being or Animal.—There are striking 
resemblances between parts of certain bones of 
man and the corresponding parts of bones of 
some animals (fig. 1). It is not uncommon 
for animal bones to be presented for examina- 
tion in the belief that they are human. Con- 
versely, human bones may sometimes be mis- 


+ taken for those of an animal, especially if they 


are abnormal. The greatest chance for con- 
fusion is between the shafts of the long bones 
of man and those of some of the larger mam- 
mals, especially bears and the higher apes. 


When the gross characteristics of a specimen 
do not indicate its origin, histologic examination 
may be of value since there are differences in 
the minute architecture of the cortical bones of 
man and the homologous bones of many animals.’ 
However, specimens which can be oriented 
anatomically are usually identifiable by gross 
examination, so that microscopy is seldom used. 
Although one may determine by microscopic 


From the Department of Legal Medicine, Harvard 
Medical School. 

1. Peterson, H.: Die Unterscheidung von Tier- 
und Menschenknochen, in Mdllendorff, W.: Handbuch 
der mikroscopischen Anatomie des Menschen, Berlin, 
Julius Springer, 1930, vol. 2, pt. 2, p. 639. 
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339 


















scopic structure of some human bones is quite 
similar to that of a few other mammals. 





Fig. 1—Superficial similarity between femurs of bear 
and man. Femur A was found in a town dump. Most 
of its head, the greater trochanter and the condyles had 
been destroyed by animals. Because of its similarity in 
size and contour to the femur of a female human being 
(B), femur A was tentatively identified as being from 
a crippled human being. The subsequent finding of 
additional bones of a bear’s skeleton in the same dump 
led to a correction of the original opinion. 


An identification of fragmentary remains can 
be made by precipitin tests if the specimen is 
fresh or has dried without undergoing putre- 
faction. The serums from rabbits which have 





TABLE 1.—Age Changes in the Normal Skeleton * 









































; ‘ 
Centers of Ossification Fusion 
i. ca eres on a ¢ — ’ , ° 
Age of Bone to Which Age of 
Bone Location Appearance It Is Fused Occurrence 
eee Each side of areh............... Lpasopeces Before birth Body and other 3-6 yr. ‘= - 
half of arch 
Spinous and transverse processes....... 11-15 yr. Areh 17-25 yr. 
Mammillary processes............ Jn 11-15 yr. Areh 17-25 yr. ‘ 
Upper and lower surfaces of body....... 11-15 yr. Body 17-25 yr. 
ed veewedaans Ds cvvenscciebolhescetadecbaakeds osx Before birth Bodies 4%-5 yr. ’ 
i .dhukis« dus cadets nbheteteabs cevens Before birth Each other 18-30 yr. - . 
Ooccyx (bodies)............. SEE Mein h hve ccndunsaee soe dgaels se oie 2-3 yr. 
i. atthe cee aeeghhudeeys hen 6-10 yr. 
he RN Go eden te cette 15-16 yr. i 
BG wtniteonts cvacttcceiocte Heads and tubercles..................+.. 15-16 yr. Bodies 22-25 yr. 
PELs the genessanshenss. nate ap onaenbetenesupeeceess Betore birth Body 60+ yr# 
Body (several centers).................+- Before birth Each other Centers fuse ‘ , 
before 22 yr. 
PM och adds edict ideo cbddidcdbocecdia 38-6 yr. Body 40-60 yr. ‘ 
8 eee ries | Speer ee ES Pere ee ee 17-20 yr. Body 22-25 yr. ‘ 
EME PR, a a eee nonine 6-12 mo. Body 16-18 yr. 
Margin of glenoid fossa................. 15-18 yr. Body 20-23 yr. 
Epiphyses at medial border and angle.. 16-17 yr. Body 20-23 yr. " 
Epiphyses of acromion.................. 15-17 yr. Body 19-21 yr. 
Rcd POSER Ss cc cctadecs EE SS ee 0-3 mo. Body 18-23 yr. 
ds. CC Eliscceccccoes 1-3 yr. Head 4 yr. ‘ » 
CC. J edubebauliiessecescces 3-4 yr. Head 4 yr. 
Capitulum and lateral! half of trochlea. %-2 yr. Body 15-17 yr. 4 
Medial epicondyle......................+- 4-6 yr. Capitulum 14-16 yr. * 
Medial half of trochlea.................. 9-10 yr. Capitulum 14-16 yr. e ° 
Lateral epicondyle...................++.. 12-14 yr. Capitulum 14-16 yr. 
pe E,..0 ss skadbbbabed coccecccce 5-7 yr. Body 16-18 yr. 
EE IEEE SS RS OD %-2 yr. Body 19-23 yr. a a 
UR iih coc ccc csecbavesbete 9-11 yr. Body 16-17 yr. 
’ 5-6 yr. Body 18-22 yr. Pm 
Carpal bones 9 
avicular. 5 yr. 
) 0 3-4 yr. a 
Triangular 1%-3 yr. 4 
Pisiform 8-12 yr. . + 
Multiangular (two)...... EES. « occcteNEbah oc cccccecs 5-6 yr. 
Capitate.......... rrr EL. occ ccdeettibadiie oscoceccee 2-11 mo. 
pI ee EE. o0cs SSEEERSEEEL 000s cccces 2-11 mo. 
Metacarpal bones 2 to 5..... EE 1%°3 yr. Bodies 15-20 yr. 
Metacarpal bone 1.,.......... EE 1%3 yr. Body 15-20 yr. - » 
a EE bins occ sebeeenebeheccccccccoe 1%-3 yr. Bodies 15-20 yr. 
Innominate bone............ Ilium, ischium, pubis...................-. Before birth Each other 14-16 yr. v ° 
Ts. .cccccdNOeeEbab cccccccsce 15-17 yr. lium 20-25 yr. 
Ischial tuberosity..................+00-.. 15-17 yr. Ischium 20-23 yr. «i. 
Pc EE ee EE OO eee 5-7 mo. Body 17-20 yr. . - 
Greater trochanter...................... 3-4 yr. Body 17-19 yr. 
i CC ccd mdnbSbbes ccc ccccces 11-18 yr. Body 17-19 yr. 
TED. « cc Gbiblbeweedscccccccce 9th month of Body 20-23 yr. 
pregnancy —— 
Paths: o0+scuncenenenenn EE 3-4 yr. ; 
TUR aiika «os cccccccumeetenss EES 0-2 mo. Body 19-24 yr. © - | 
EE SSO Eee 1%3 yr. Body 15-19 yr. 
VERGE 0.0.0 cnscessecccsqutinns RS ee 3-5 yr. Body 22-24 yr. ei* 
i, .. ccdhbebneedecccecocce 1%-3 yr. Body 15-19 yr. | 
Tarsal bones « 
Gis viccvcceccce EE ES A ee 5th month of ‘ 
pregnancy 
Noah bn cescovesasceds I abedhekkheneesebadecnneessseécees 7th month of ( 
pregnancy -~j-> «= 
RE csian'n nas aussve I ih eesticke secs cclidsboccescoce 0-1 mo. 1 
Navieular..........ssse- Di nectsheckerticssenenatenane ase ctu 1%-4 yr. 
Ouneiform 1 and 2....... asso ehdbbsbecce dent ccuddesccceche 3-4 yr. a ie 
Cuneiform 3............. nie: cnalnedenent otitis Sadweseeed 6-7 mo 
Metatarsal bones 2 to 5...... BRI 6 56 6 coe ci det cidsctccdscetscccces 3 yr. Bodies 15-22 yr. » | ‘ 
Metatarsal bone 1........... RI iohobsec0nesesetesecbovaseqseecesces 3 yr. Body 15-22 yr. bad ° t 
Phalanges.............-+000+ Ps cdpceccrscareccccasseeseseseccoses 3 yr. Bodies 15-22 yr. ( 
Indexes of age in adults av > 
Symphysial surfaces of pubic bones f¢.......... 2.2.0... ccc cece cece weeeee 20-60+ yr. i 
ee a, cals. line sb ab ewsce beedebecdde didsesecce 17 yr.—senility 
EE Bs on ecas vevsdeccvesewessevessstscocesoscsesses 50 yr. ~@F . 
ean os ees dapeanceeeeredarae Sbescuse 50 yr. ¢ 
* The data are adapted from P. C. Hodges (Am. J. Roentgenol. 30: 809, 1933). P r ; 
# The age varies considerably. é > 
+ Details are given in the text. 
§ See table 2. ’ 
} 
340 

















been sensitized to extracts of bone from various 
species are used as reagents for identifying the 
specimen.” 

Age.—The appearance of the growth centers 
and the fusion of the epiphyses follow a regular 
order and a fairly definite time schedule. Since 
the first centers of ossification appear at the 
end of the sixth week of gestation and the last 
epiphysial fusion takes place at about the age 





TABLE 2.—Age Changes in the Cranial Sutures 





Age at Which Age at Which 
Suture Begins It Completes 


Group Suture Olosing, Yr. Closing, Yr. 

Vo ee Sagittal 22 35 
Coronal 24 38-41 
Lambdoid 26 42-47 

Circummeatal Occipitomastoid 26-30 Above 80 
Sphenotemporal 30-35 Rarely complete 
Parietomastoid 37-40 81-84 
Squamous 37-40 Rarely complete 

Accessory Sphenofrontal 22 About 65 
Sphenoparietal 29 About 65 





of 25 years, it is possible to determine age fairly 
accurately from early uterine to early adult life. 
In general, the changes taking place after infancy 
tend to occur a few months earlier in females 
than in males. 

Two growth centers of importance from the 
medicolegal standpoint appear before the normal 
time of birth. The primary center for the cal- 
caneus appears during the fifth.month of preg- 
nancy, and its presence significes that a baby 
is mature enough to survive even though born 
before the end of the usual gestation period. 
The epiphysis of the lower end of the femur 
appears during the ninth month of pregnancy, 
so that its presence in a newborn infant indi- 
cates that the gestation had gone almost or 
quite to term. 

For determining the age of an adult, the 
skeletal parts of greatest value are the skull 
and the pelvis. The cranial sutures begin to 
close early in adulthood, and the extent to which 
this has progressed indicates the age of the 
skull.* The closure of the sutures occurs at 
approximately the same age in both sexes except 
as noted in the following paragraph. In general, 
the inner aspect of the skull should be the one 
examined to determine the extent of closure. 

The osseous replacement of the cartilaginous 
disk of the spheno-occipital joint commonly be- 
gins at about 17 years and is completed at 
22 years in a woman and 23 or 24 years in 





2. Kolmer, J. A.: Infection, Immunity and Biologic 
Therapy, ed. 3, Philadelphia, W. B. Saunders Company, 
1925, p. 320. 

3. Todd, T. W., and Lyon, D. W.: 
Anthropol. 7:325, 1924. 


Am. J. Phys. 
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a man. A longitudinal section through an ap- 
parently completely ossified joint may reveal.a 
vestige of cartilage at the center if ossification 
has been recent. Following complete replace- 
ment of the cartilage, a line of relatively. dense 
bone marks the site of union until approximately 
the twenty-fifth year. After this time there is 
anatomic continuity of the two bones, and the 
sphenoid sinuses may extend backward into the 
occipital bone at any time after the middle of 
the third decade. 

The other sutures of the skull have been 
divided into three groups by Todd and Lyon,* 
and data regarding the closure of these sutures 
are given in table 2. 


A method for the determination of age from 
the pelvic bones is presented by Todd.* A wavy 
or “billowed” symphysial surface indicates an 
age of approximately 20 years. At about 25 
years, small nodules of bone are added, and 
the waves are less distinct. A smooth surface 
with sharp borders indicates an age of 30 to 35. 
At about 40 the surface becomes nodular, and 
at 45 the edges begin to become rough. Nod- 
ularity and pitting irregularity of borders become 
gradually more marked with increasing age. 

Other skeletal indexes of adult ages are the 
presence of calcification in laryngeal and costal 
cartilages and the absorption of bone of the 
alveolar margin with loosening of teeth in the 
lower jaw. These allow only a rough estimate, 


TABLE 3.—Eruption of the Teeth* 








Period of Eruption 
Deciduous teeth 

Lower central incisors...............-+.00. 
Upper central incisors...............++606. 
Upper lateral incisors................++.+. 
Lower lateral incisors.............++-+.++- 
First molars (upper and lower)........... 
Canines (upper and lower)..............+. 
Second molars (upper and lower)......... 


6- 8 mo. 

9-12 mo. 
12-14 mo. 
14-15 mo. 
15-16 mo. 
20-24 mo. 
30-82 mo. 


Permanent teeth 
Ee ee 
CSE CI ss Ce cvccs vccwcubsadusetews 
TABOCER GRONIOOR. «io ad ce pagpecetgeiagtes 
BS in sit den 6nn2000400es setesse 
Second premolars. .......-.ccccescsecceves 
GR cnanctacsgeesisetnyd cen cin deeset ete 
Goad waabasiens ids ashi dee cdbbsinds 4d 


Se OD «0... «« ib vch asd caret aiine sanees 18 yr. or later 





* Krogman, W. M.: 
1939. 


F. B. lL. Law Enforcement Bull. 8: 3, 


however, usually indicating an age of somewhat 
more than 50 years. The presence of longi- 
tudinal bony processes on the anterior surfaces 
of vertebral bodies associated with deforming 
arthritis also indicates an age of more than 50. 
The absence of calcification of cartilages and of 
vertebral lipping is not significant, however, for 


4. Todd, T. W.: Am. J. Phys. Anthropol. 3:385, 
1920. 
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these changes are not common to all elderly 
persons. 

An accurate index to the age of the skull of 
a child or an adolescent is the status of the 
dental development. The schedule of the erup- 
tion of teeth is indicated in table 3. 

After the eruption of the third molar tooth on 
each side, which may occur as late as 30 or 35 
years, there is a period in which the teeth and 
the jaws undergo no appreciable change. Finally 
evidences of wear appear, and in old age the 
cusps may be so completely abraded as to present 
smooth chewing surfaces. 

With the onset of senility there is some atrophy 
of the jaw bones along the dental margins. 





Fig. 2—Male (A) and female (2) pelves showing characteristic differences (see text and table 4). 
pubic arch; 


iliopectinial line; S., sacrum; P., pubis; P.A., 


notch; J.S., ischial spine. 


Premature atrophy occurs when the teeth have 
been removed before senility. 

Sex.—tThe sex of a skeleton can be determined 
in all but a few cases if the pelvis and the skull 
are available. In some instances the long bones 
of the extremities also present reliable differ- 
ential sex characteristics. 

Bones of males tend to be larger and stronger, 
and to have ridges and processes which are 
more prominent, than those of females. Irreg- 
ular surfaces and prominent ridges are not neces- 
sarily related to the degree of muscle develop- 
ment, and they are likely to be more pronounced 
in bones from an asthenic male than in bones 
from an athletic female. 

The secondary sex characteristics of the pelvis 
are usually better defined than those of any 
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other bone (fig. 2). This is the only skeletal 
part which can be considered reliable in the 
determination of the sex of a prepubertal skele- 
ton. The valid criteria for assigning the sex 
are presented in table 4. 


The sacrum alone presents certain valuable 
information. The auricular surface is larger in 
the male, extending well down onto the lateral 
surface of the third vertebra, while in females it 
usually includes only the lateral surfaces of the 
first and second vertebrae and occasionally the 
uppermost part of the third. The sacral index 
is an expression of the relation of the breadth 
to the length of the sacrum: 

Breadth of sacrum x 100 


Length of sacrum 


Sacral index = 





LPL 


P.ASs. G.S.N., greater sciatic 


preauricular sulcus; 


In males it averages 112 and in females 116. 
The ratio of the breadth of body of the first 
sacral vertebra to the total breadth of the sacrum 
(corporobasal index) can also be used for assign- 


5 
> 


ing the sex: ' 


Width of body of first sacral 
vertebra x 100 


Corporobasal index =——- - ° 
Width of sacrum 

The average for white males is 45.4 (range 
of 134 specimens, 37.6 to 54.9), and that for 
white females is 40.5 (range of 79 specimens, 
33.8 to 49.5). 

Next to the pelvis, the skull is the most 
valid skeletal part for the determination of sex. 


5. Faweett, E.: 


J. Anat. 72:633, 1938. 
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The secondary sex characteristics of adult skulls 
are listed in table 5. The female skull tends 
to retain numerous childish features, such as 
relatively small face bones, prominent frontal 
and parietal eminences, and poorly developed 
supraorbital ridges (fig. 3B). The point of 
maximum height of the male skull is usually 
behind the midline, while it is in front of the 
midline of the female skull. 


TaBLe 4.—Sex Differences in Pelves 








Male 


Female 
Pubic areh......0..+0++ Less than 70 Greater than 
degrees 70 degrees 
Greater sciatic notch.. Acute angle Approximately 90 


degrees, rounded 


Preauricular suleus.... Il] defined \. ell defined 


Tliopectinial line....... Sharp Rounded 
Obturator foramen.... Oval Almost triangular 
Ischia! spine........... Projects inward Smaller, projects 
less inward 
Body of pubis......... Approximately Approximately 
triangular square 
Junction of body of Not narrowed Narrowed 


pubis with inferior 


ramus 

Acetabulum........... Large, averaging Small, averaging 
52 mm. in diam- 46 mm. in diameter; 
eter faces faces forward as 
laterally well as laterally 

EE Relatively narrow Relatively wide and 


and long; average short; average 
index 112 (see text) index 116 

Includes lateral Includes lateral 
aspect of first to aspect of first and 
third vertebrae second vertebrae 
Equal overentire Almost entirely 
length below center of 
third vertebra 
Average, 40.5 


Auricular surface of 
sacrum 


Curve of sacrum....... 


Corporobasal index of Average, 45.0 (see 
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Taste 6.—Sex Differences in Bones of the Extremities 








Male Female 
(Average, (Average, 

Bone Character Mm.) Mm.) 

Femur Greatest length *................. 459.3 426.3 

Vertical diameter of head f...... 46.7 40.7 

Vertical diameter of neck........ 34.3 29.5 

Bicondylar width §....... erepeane 79.4 69.8 

Humerus Greatest length..............0.. -- 8262 298.7 

Transverse diameter of head ¢... 43.6 37.9 

Vertical diameter of head t...... 47.7 41.6 
Tibia Transverse diameter of head.....  >71 <71 
Clavicle TAMBGA. ci ccedebinstcvededes socke’.” aw 138 





* This is measured from the top of the head to the tip of 
the internal condyle. 

+ T eve diameters are for dry bones. Subtract 2 mm. to, 
approximate dry diameters when articular cartilage is present. 

§ This is the greatest width of the lower end. 


TasLe 7.—Male: Reconstruction of Living Stature (S) 
in Centimeters from Femur (F), Humerus 
(H), Tibia (T) and Radius (R) in 
Humid State with Cartilages Present 





(a) S = 79.971 + (1.880x F) 

(b) S = 69.454 + (2.894x H) 

(ce) 8 = 77.547 + (2,376xT) 

(d) 8 = 85.205 + (3.271x R) 

(e) S = 70.069 + (1.220x F) + (1.080xT) 

(f) 8 = 68.610 + (2.769 H) + (0.195 R) 

(g) 8S = 67.027 + (1.080x FP) + (1.557x H) 

(h) 8 = 65.658 + (0.9183x F) + (0.600xT) + (1.225x H) — (0.187« R) 








TABLE 8.—Female: Reconstruction of Living Stature 
(S) in Centimeters from Femur (F), Humerus 
(H), Radius (R) and Tibia (T) in Humid 
State with Cartilages Present 








sacrum text) 
Tasie 5.—Sex Differences in Skulls 
Male Female 
Ge cbc edsscasvevevcsse Relatively large Relatively smal]! 
Frontal and parietal Poorly defined Fairly well defined 
eminences 


Poorly developed 
Smoothly curved 
Nearly vertical 

Tend to be round 


Prominent 
Sharp, angular 
Slopes backward 
Tend to be rec- 
tangular 
Surfaces of cheek Rough, concave Smooth, relatively 
bones flat 

Tip of mandible (chin) Tends to be flat Tends to be pointed 
Angles of mandible.... Less than 125 Greater than 125 
degrees degrees 

Prominent Poorly developed 


Supraorbital ridges.... 
Frontonasal angle..... 
Wr o Codecccévese 
0 Peo 


Occipital muscle at- 
tachments 
Occipital condyles..... 


Foramen magnum..... 


Relatively large 
Relatively large 
and long 

Large 


Relatively small 
Relatively small 
and round 
Small 


Mastoid processes..... 





Other bones than those of the skull and the 
pelvis may give some information that will aid 
in determining the sex. The sternum of the 
female has a relatively long manubrium.°® 


Length of manubrium x 100 


Length of body 
Average index in males.......ccscccsvencles 


Sternal index - 


Average index in females.................. 

6. Krause, cited by Glaister, J.: Medical Jurispru- 
dence and Toxicology, ed. 7, Baltimore, Williams & 
Wilkins Company, 1942, p. 86. 











(a) S = 71.168 + (1.945x P) 
(b) S = 70.046 + (2.754 H) 
(c) S = 73.369 + (2.352x T) 
(d) S = 60.189 + (3.343« R) 
(e) S = 67.939 + (1.117x F) + (1.125xT) 
(f) S = 69.122 + (2.582x H) + (0.281 R) 
(g) S = 65.763 + (1.339x F) + (1.027x H) 


(h) S = 65.810 + (0.782 F) + (1.120xT) + (1.059x H) — (0.711x RB) 





TasLe 9.—Male: Reconstruction of Living Stature 
in Centimeters from Dry Bones 








(a) S = 81.306 + (1.880x F) 
(b) 8 = 70.641 + (2.894 H) 
(c) S = 78.664 + (2.376xT) 
(d) S = 85.925 + (3.271 R) 
(e) S = 71.443 + (1.220x F) + (1.080x T) 





(f) S = 69.788 + (2.769x H) + (0.195 R) 
(g) S = 68.397 + (1.080x F) + (1.557x H) 
(h) S = 67.049 + (0.913x F) + (0.600x T) + (1.225x H) — (0.187x R) 
TABLE 10.—Female: Reconstruction of Living Stature 


in Centimeters from Dry Bones 





(a) S = 72.844 + (1.945x F) 
(b) 8 = 71.475 + (2.754x H) 
(ec) 8 = 74.774 + (2.352x T) 
(d) 8 = 81.224 + (3.343 R) 
(e) S = 69.561 + (1.117x F) + (1.125xT) 


(f) S = 70.542 + (2.582x H) + (0.218 R) 
(g) S = 67.435 + (1.339x F) + (1.027x H) 
(h) S = 67.469 + (0.782 F) + (1.120x T) + (1.059 x H) — (0.711 R) 
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The bones of the extremities are commonly 
larger in males than in females, and the prom- 
inence of ridges and irregularities of the former 
has already been referred to. The joints of males 
are usually appreciably larger than those of 
females, and the measurements of certain ar- 
ticular surfaces are useful indexes of sex. Table 6 
includes the most reliable differential characters 
between male and female limb bones. 

Stature -—Useful formulas for the determina- 
tion of living stature from certain long bones 
were developed by Karl Pearson * (tables 7 to 
10). The probable error of these has not been 
determined accurately, but it is believed to ‘be 
+ 2 cm. for each. When a formula employing 
the measurement of more than one bone can 
be used, the result is likely to be more accurate. 
Measurements of bones from either side of the 





Fig. 3—Male (A) and female (8B) skulls showing c 


supraorbital ridge; F.N.A., frontonasal angle; M., mastoid process; 


body may be used in the formulas without 
appreciably increasing the probable error. The 
formulas are not valid for calculating the statures 
of children, giants or dwarfs. 

The greatest lengths of the radius and the 
humerus are used in these formulas. The mea- 
surement of the femur should be taken from 
the top of its head to the lowermost tip of its 
inner condyle; the measurement of the tibia, 
from the plane of the upper articular surface 
to the lowermost end of the lateral malleolus, 
excluding its spine. 

Race.—In many instances, and particularly 
where ethnic groups are mixed, the recognition 
of the racial characteristics of skeletal remains 
is difficult and the opinion of an experienced 
anthropologist should be sought. 

Certain generalizations may be made. Euro- 
peans can be divided into three groups in each 
of which the skulls have more or less distinctive 
characteristics making them different from Mon- 


7. Pearson, K.: Phil. Tr. Roy. Soc. London 192: 
169, 1899. 
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goloid and Negroid skulls. The Mongoloid skull ‘i 
is short, broad and moderately high, with a broad 
face, while the Negroid skull is long, narrow 
and low, with a small face, which converges * 
toward projecting front teeth. American Indians 
and Eskimos tend to have the ethnic character- — | 
istics of Mongols except that the Eskimos have 
skulls that are usually longer than most Mon- « 
goloid skulls. 

The-contrast of these features within different , 
ethnic groups is presented in table 11. The 
nasal breadth is taken at the widest part of the « 
nasal orifice, and the nasal height, from the 
lowest point of the orifice to the frontonasal 
suture. The methods for obtaining the other 
measurements are included in the table. 

Racial differences in other bones are not as * 
constant as those in the skull. The presence 


- 


haracteristic differences (see text and table 5). S.O.R., 


A.M., angle of mandible. 


of corroborative peculiarities of race is valuable, 

but if contradictory characteristics are found, 

the assurance as to the race of the skull is * 
diminished. In general, the proportion of the , | 
length of the upper extremity to that of the 
lower is approximately the same in white persons 
and Negroes, but the proportion of the length 
of the radius to that of the humerus and the 
proportion of the length of the tibia to that of * 
the femur are greater in Negroes than in white 
persons. These differences are expressed mathe- 
matically as follows: ® 

Length of tibia 




















‘ 





‘ 


; 

















Tibiofemoral index = 100 
ibiofemoral index Canetiniad Indes 
Radiohumeral index = Length ot radius _ x 100 ° 
Length of humerus 
White persons : 
Se Ss eG baShdeccns below 80 
PE ID ate bawecwdacsss below 75 » 
Negroes: A 
oe? ee nn ta cu chateeb ane above 80 
Se: ES “Sc tasedeeserss above 80 
8. Smith, S.: Forensic Medicine, ed. 6, Boston, 


Little, Brown & Company, 1939, p. 85. 
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The pelves of white persons and Negroes also 
present certain significant differences. The most 
consistent of these is the relative narrowness of 
the Negro pelvis, as indicated by the pelvic in- 
dex : 





Anteroposterior diameter of inlet x 100 
Transverse diameter of inlet 


This index averages 79 in white persons and 92 
in Negroes. 

Individual Characteristics—The information 
necessary to establish personal identity from 
skeletal remains varies according to the circum- 
stances of the case. ‘In one instance the cir- 


TABLE 11.—Racial 
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identification is correct. When the number of 
persons having access to the place where the 
bones were found is limited, the finding of rela- 
tively few compatible skeletal abnormalities (and 
no incompatible ones) may serve to establish 
idéntity to the satisfaction of all. If bones taken 
from the bottom of a river near a large city be 
recognizable as those of a man of about 20 years 
of age who had a clubfoot and only a single in- 
stance of the disappearance of such a person is 
known, there may still be justifiable doubt as to 
identity. Similar bones found buried in the 
cellar of the house wherein the missing person 


Differences in Skulls 

















Caucasoid 
A - 
North Central South 
Character European European European Mongoloid Negroid 
Skull length (center of forehead to occiput) 
BD or sniess .6bbovesepeaenedeebaeddrsss tees 183-192 * Below 175 183-192 Below 175 188-192 
Oss 6 00000900h6eueheninbensh suman 175-184 Below 167 175-184 Below 167 175-184 
Skull breadth (maximum breadth between 
parietal bones) 
bak 09d 60000%sesatinshdemanneeiee 132-142 Above 151 132-142 Above 151 132-142 
Wave hic ced iddstdsicdicucsecdaseueeeee 126-136 Above 145 126-136 Above 145 126-136 
Skull height (anterior margin of foramen 
magnum to junction of sagittal and coronal 
sutures) 
BRED eo «000002.9%s 00660000gneneeane Above 138 Above 138 Approximately 138 128-138 Below 128 
WOON: 6 ii 0.5. cancde cdussbheeeeeeaeeene Above 131 Above 131 Approximately 131 121-131 Below 121 
Face height (upper) (tip of upper jaw, ex- 
cluding: teeth, to suture between nasal and 
frontal bones) 
Ore Ppa ee a NE 75-80 75-80 Approximately 75 75-80 Below 69 
UUs coo covstadennvinstiavenaeeeetiumass 70-75 70-75 Approximately 70 70-75 Below 64 
Face breadth (maximum breadth between 
cheek bones) 
Birss000eccesecsnedietunesssdanaa Below 128 136-144 Below 128 Above 144 Below 128 
DenGE.... is pevmuvenederennsie tease Below 118 126-134 Below 118 Above 134 Below 118 
Cranial index 
Breadth of skull 
en ae || | Sn Below 75 Above 80 Below 75 Above 80 Below 75 
Length of skull 
Index of height 
Height of skull 
— wees 9 WP. ccccccccccesccss Above 75 Above 75 Approximately 75 70-75 Below 70 
Length of skull 
Nasal index 
Nasal breadth 
——— “ee | ee Below 47 51-53 Below 47 Below 47 Above 51 


Nasal height 








* All measurements are expressed in millimeters. 


cumstances may be such that personal identity 
is established simply by recognition that the 
remains are of human origin and have general 
characteristics compatible with those of some 
missing person. In another instance it may be 
of utmost importance to recognize some charac- 
teristic or group of characteristics not likely to 
be encountered in the skeleton of any other 
person. 

In general, the greater the number of skeletal 
peculiarities which match known deformities of 
a missing person and the more unusual the 
peculiarities, the greater the probability that the 


had lived would be much more acceptable as 
establishing identity. 

Three types of abnormalities of structure are 
sought in such an investigation: congenital ab- 
normalities, abnormalities due to disease and 
abnormalities resulting from mechanical violence. 

Congenital diseases and malformations of the 
skeleton that could be useful in establishing per- 
sonal identity include sporadic anomalies, in- 
herited or familial peculiarities and the effects 
of prenatal trauma or infectious diseases. 

Congenital abnormalities of the soft tissues 
may lead to distorted development of associated 
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bones. In such a case * a skull was found which 
was identified as being that of a young woman. 
There was marked asymmetry of the face, the 
right side being much larger than the left. The 
left mastoid process and the occipital condyle 
were both small, while those of the right were 
massive. This asymmetry was due to congenital 
torticollis. Within some adipocere which had 
been adherent to the skull were fragments of a 
fractured hyoid bone. This bone is practically 
never fractured except by manual throttling. 
This information was given to the police, and 
they learned of the unreported disappearance of 
a woman with torticollis from a neighboring 
town. The husband was arrested, tried and con- 
victed of murder. 





Fig. 4—A segment of the spinal column and the lower 
end of the left humerus from a skeleton found in a 
thicket near a cemetery. The identity of the remains 
was established by the fusion of the vertebrae and the 
irregularities of the humerus produced by arthritis. 


The changes produced in bone by disease are 
frequently characteristic and of value in iden- 
tification. The bone may be affected directly, 
or it may merely reflect disease processes in 
other tissues. Some of the diseases which leave 
recognizable osseous alterations include osteo- 
myelitis, tuberculosis of bones or joints, arthritis 
of several kinds, syphilis, tumors affecting bone, 
gout and certain vitamin deficiency diseases, 
such as rickets and scurvy. Hypertrophic osteo- 
arthropathy due to certain chronic diseases of 
the lungs and the heart is associated with char- 
acteristic changes in the bones of the tips of 
fingers and toes, and some diseases of the glands 
of internal secretion produce skeletal changes. 


9. Smith, S.: Police J. 12:274, 1939. 
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An elderly man, resident of a small Massachu- 
setts community, was last seen alive in early 
August. Late in November of the same year, 
human remains were found close to a cemetery 
at the edge of the town. The possibility of these 
being the remains of the missing man was sug- 
gested, and the bones were sent to the depart- 
ment of legal medicine of Harvard Medical 
School. The bones proved to be those of an 
elderly man, and the calculated stature was simi- 
lar to that of the missing man. The only clues 
to personal identification were found in the 
region of the left elbow and in the spinal column. 
There were marked arthritic changes of the 
elbow, which necessarily would have crippled the 
arm, and there was fusion of vertebral bodies of 
the thoracic region, due to deforming arthritis 
(fig. 4). Since the missing man was known to 
have had a crippled left arm and a stiff back, 
identification was fairly well established. 

A large proportion of people with bone disease 
will have had roentgenograms taken, and roent- 
genograms of the specimens may be compared 
with them. Absolute identification is frequently 
possible when this information is available. The 
effects of recent or remote trauma may serve in 
identifying skeletal remains. Nearly always, 
roentgenograms are made of fractures both before 
and after healing, and the autopsy of an uniden- 
tified body should include roentgen examination 
of any fracture which might be useful in estab- 
lishing identity. 

A charred body was recently found in a burn- 
ing automobile near Boston. The features had 
been destroyed beyond recognition. A set of 
keys found with the body did not fit the locks 
of the house of the owner of the automobile, and 
police checked rooming houses from which per- 
sons had been reported as missing. A house was 
found where one key fitted the front door, 
another fitted the door to a room, and a third 
fitted a trunk in the room. It was learned that 
the missing lodger had been in Boston City 
Hospital some months previously, and the hos- 
pital record revealed that he had been treated 
for a fractured femur. Evidence of a recently 
healed fracture of the femur was found on the 
body, and roentgenograms of the specimen com- 
pared closely with those of the femur of the 
missing lodger (fig. 5). The owner of the car 
was subsequently found, and he and his son were 
charged with murder. An autopsy had been 
made by a physician, and he had reported mul- 
tiple fractures of the skull and the extremities. 
Defense was based on the presumption that the 
body was dead when the fire was started. A 
second autopsy, conducted by Dr. Timothy 




















Leary, had revealed no premortem fractures 
other than the healed one of the femur, and the 
fact that the man was alive when the fire was 
started was established by the presence of a large 
amount of carbon monoxide in blood which Dr. 
Leary milked from veins of the extremities. The 
owner of the car and his son were convicted of 
the murder and executed. The motive had been 
a desire to collect life insurance which had been 
taken out on the owner of the car. 

The teeth frequently provide information use- 
ful in personal identification of skeletal remains. 
It is extremely unlikely that the absence of cer- 
tain teeth and repairs of others would be repro- 
duced in an identical manner in any 2 persons. 
The probability of exact reproduction of dental 
work is further diminished by the difference in 


DUTRA—SKELETAL 


REMAINS 347 


of the head and the face as shown in photographs 
taken shortly before death, This comparison 
can best be made by photographing the skull in 
exactly the same position as the head appears 
in the photographs taken during life. The pic- 
tures of the skull are then superimposed on the 
corresponding pictures of the person, and the 
bony configuration corresponds exactly with the 
shape of the soft parts when identification is 
correct.” 


CAUSE OF DEATH 


Skeletal remains rarely provide conclusive 
evidence regarding the cause of death. Although 
the finding of a fracture of the spinal column 
or a bullet wound of the skull may constitute 
presumptive evidence of death by violence, the 





Fig. 5.—Personal identification of a burned body was established by comparing these roentgenograms of a 


healed fracture of the femur. 
body had been burned. 


materials utilized for fillings ; in one person these 
may be gold and in another amalgam. A speci- 
men can easily be compared with dental records 
because of the diagrammatic simplicity of the lat- 
ter. The condition of the teeth may also yield 
information as to the economic status of the 
person. 

A method for restoring facial features on a 
skull by the use of claylike substances is described 
by Wentworth and Wilder.*° This is based on 
measurements of the thickness of the soft tissues 
overlying the facial bones at various places. 

Identity can be established in some cases by 
comparing the contour of the skull with the form 
Personal 
, Chicago, Finger Print Publishing 


10. Wentworth, B., and Wilder. H. H.: 
Identification, ed. 2 
Co.. 1932. 





The upper one was made in the hospital, while the lower one was made after the 
They are reproduced here by permission of Dr. Timothy Leary. 


absence of soft tissues may make it difficult or 
impossible to distinguish between antemortem 
and postmortem injury. However, the evalua- 
tion of all available evidence sometimes indicates 
a fairly definite conclusion. 

A case in point arose with the finding of 
human remains in a wooded area near Boston. 
They were the remains of a young adult white 
woman, approximately 5 feet (152.5 cm.) tall. 
The body was badly decomposed, and much of 
the soft tissue was absent. The articulations of 
the cervical vertebrae were intact, and a piece 
of sisal rope was present around the neck, form- 
ing a circle with a circumference of 10.5 inches 


11. Glaister, J4 and Brash, J. C.: Medico-Legal 
Aspects of the Ruxton Case, Baltimore, William Wood 
& Company, 1937, p. 256. 
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(26.5 cm.). One end of the rope extended from 
the knot to the wrists, tying them together. 
There were no other evidences of violence. The 
circumferences of the necks of 38 women of 
similar age and stature were measured, and 
only one was below 11.4 inches (29 cm.). When 
the identity of the dead woman was established, 
it was learned that she had had an unusually 
large neck. A piece of new rope similar to that 
found on the body was tested for shrinkage by 
soaking it in water for forty-eight hours and then 
allowing it to dry. After this treatment it 
was' 92 per cent of its original length. If the 
10.5 inches of rope around the neck of the dead 
woman represented 92 per cent of the original 
length, it had measured 11.4 inches when new. 
On the basis of this evidence, the opinion was 
rendered that death had probably resulted from 
strangulation with the rope. 

Strangulation of men or elderly women by 
manual throttling often results in fracture of the 
hyoid bone. Fracture of this bone from other 
causes is practically unknown, so that the pres- 
ence of such a fracture is presumptive evidence 
of homicide if postmortem artefact can be ex- 
cluded. 


Fracture of the skull is one of the most fre- 
quently encountered injuries in victims of crimi- 
nal violence. Patterned marks or defects are 
sometimes present,’and they may be used to 
identify the instrument which produced them. 
Not infrequently the location and the character 
of a skeletal injury provide considerable informa- 
tion as to the kind of violence that was respon- 
sible for its production.** Thus, a simple linear 
fracture characteristic of transmitted stress may 
indicate a single blunt impact such as might have 
been sustained by an accidental fall. Multiple 
systems of comminuted or patterned fractures 
may justify the inference that accidental injury 
is unlikely and that death probably resulted from 
assault. In some instances it is possible not only 
to recognize that at least a given number of 
impacts -were sustained but to determine the 
direction from which violence was applied. In 
the case of a partially submerged skeleton found 
near the bank of a river, the recognition of a 
fracture of the skull raised questions as to 
whether the injury was antemortem or post- 
mortem and whether or not it could have been 
sustained accidentally. The multiplicity and the 
sharp localization of the defects made postmor- 
tem injury unlikely. The skull had not been 
fractured at sites of special vulnerability as is 
usual when osseous defects result from general 


12. Moritz, A. R.: Ann. Surg. 117:562, 1943. 


trauma incident to postmortem violence. More- 
over, the fractures were not linear but were 
punched-out defects distributed through the 
frontal, parietal and occipital regions. All de- 
fects had sharp margins, tended to be circular, 
were larger in the internal than in the external 
table and were of approximately uniform size, 
measuring about 2 cm. in diameter. It was 
apparent that the head had been struck by the 
same or similar instruments repeatedly and from 
several different directions, justifying the in- 
ference that the remains were those of a victim 
of homicidal attack. 

Bullets often produce characteristic osseous 
defects. Projectiles of low velocity may be de- 
flected by bones, leaving only depressed defects 
or chip fractures. A bullet of higher velocity 
usually enters a bone through a relatively small 
hole and leaves it through a large crater-like 
defect. High velocity bullets from modern rifles 
often produce large comminuted defects of bones. 
A bullet entering the skull characteristically 
produces a small punched-out hole in the ex- 
ternal table and a large crateriform defect in 
the inner table, while a bullet leaving the skull 
is likely to produce a small hole in the internal 
table and a crateriform defect in the outer table. 


Bullets striking bones often leave bits of metal 
on the edges of the resulting defects. Roentgen 
examination may disclose unsuspected metallic 
debris, and chemical examination of these mar- 
gins may make it possible to determine the kinds 
of projectiles responsible for the fatal injuries. 


Occasionally it is possible not only to deter- 
mine that death probably resulted from a bullet 
wound but to obtain information concerning the 
circumstances of the death. The body of an 
elderly man was found in a burned building, and 
nearly all soft tissue had been destroyed. Ex- 
amination of the remains revealed typical en- 
trance and exit wounds of the bullet in the skull. 
The entrance was in the roof of the mouth, and 
the exit in the top of the head. The location of 
the entrance wound provided clear evidence of 
suicide, and it was inferred that the man had 
started the conflagration before shooting himself, 
in order to conceal the manner of his death. 


Stabbing is another type of homicidal assault 
which may leave evidences in the skeleton. The 
instrument may be plunged into the victim with 
sufficient force to nick or penetrate a bone. 
Slashing or cutting sometimes leaves linear 
marks on bones. Marks indicating that death 
resulted from throat cutting may be left on the 
anterior surface of the cervical part of the spinal 
column. Occasionally the broken tip of an in- 
strument is found embedded in a bone. The fit 























of such a fragment into the defect of a weapon 
may establish its connection with the crime. 
Poisoning may be recognized from skeletal 
remains in some instances, even though there has 
been complete destruction of the soft tissues. 
Poisons likely to be deposited in the bones and 
likely to be recoverable long after death. include 
lead, mercury, arsenic, antimony, thallium, bis- 
muth and fluorides. Bones suspected of being 
from a person who had been exposed to one of 
these poisons in industry may be analyzed for 
traces of the metal as a confirmatory step in 
establishing identification. It is obvious that the 
possibility of postmortem contamination must 
be excluded incident to the interpretation of the 
chemical composition of skeletal remains. 
Although direct information as to the cause 
of death may not be obtained from a skeleton; 
the means by which the bones came to be sepa- 
rated from their fellows is worthy of considera- 
tion. In the natural course of disintegration of 
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a body, the soft parts are first destroyed, and 
the bones fall apart. This leaves the joint sur- 
faces smooth. When a body has been dismem- 
bered shortly after death, the joints must either 
have been disarticulated or the bones chopped or 
sawed. In the former instance, knife marks are 
almost invariably made on the joint surfaces, so 
that the presence of such marks or of evidences 
of hacking or sawing is presumptive evidence of 
crime even though the actual cause of death has 
not been determined. 


SUMMARY 


The tendency on the part of many investigators 
to assume that little or no useful information is 
likely to be obtained from the examination of 
decomposed or mutilated remains is unjustified. 
Even though there has been complete destruction 
of the soft tissues, the skeleton may prove to be 
a rich source of medicolegal evidence. 
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RENAL HYPERTENSION AND ESSENTIAL HYPER- 
TENSION 


The vasculotonic reactions known as renal 
hypertension and essential hypertension account 
for the majority of the hypertensive states ob- 
served in man (Ophils; Fahr; Volhard ; Jores). 
These two conditions exhibit many symptomatic 
and morphologic similarities and claims have 
been advanced recently that both are of renal 
genesis. It must be conceded that a reliable 
anatomic differentiation between them is diffi- 
cult and sometimes impossible when the changes 
are in the advanced stages. However, there are 
a sufficient number of distinctive symptomatic 
and anatomic features to indicate that essen- 
tial hypertension is not causally related to 
primary circulatory renal disturbances. 

Renal Hyfertension.—The etiologic __ role 
which renal disorders of various types play in 
the development of the arterial hypertonia and 
thereby of arteriosclerosis and arteriolosclerosis 
* is well established through clinical, pathologic 
and experimental evidence. Acute glomerulo- 
nephritis is accompanied by a reversible type of 
vasospastic hypertension, which is apparently 
elicited by an interference with renal circulation 
resulting from a temporary obliteration of the 
glomerular capillary lumens through endothelial 
proliferation and desquamation, swelling of the 
capillary walls and inflammatory exudation 
into the glomeruli (this is the resistance hyper- 
tension of Boger and Wezler). In chronic 
glomerulonephritis, extensive fibrosis and hya- 
linization of such glomeruli, interstitial inflam- 
matory cicatrization and prolonged spastic 
contraction of the renal vessels combine in the 
production of renal ischemia with development 
of persistent and progressive hypertension and 
of degenerative and proliferative arterial and 
arteriolar lesions of the renal vessels. The 
anatomic renal changes finally cause fixation of 
the primarily functional hypertension (Ophiils ; 
Simonds). 

Similar ischemic circulatory effects in the 
kidney are associated with chronic pyelone- 
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phritis, hydronephrosis and perinephritis, which 
produce compression, atrophy and _ interstitial 
fibrosis of the renal parenchyma, and also with 
congenital renal hypoplasia, cystic kidney, renal 
tumor, destruction of renal parenchyma by 
trauma, kinking or torsion of the renal pedicle 
in renal dislocations, partial obliteration of the 
lumen of the renal artery by outside pressure 
(tumor, dissecting aortic aneurysm) and partial 
or complete occlusion of the lumen of the renal 
artery or of its aortic orifice by embolism or 
atheromatous processes (Braasch; Braasch and 
Strom; Baerge; Bothe; Schroeder; Schroeder 
and Steele; Ratliff and Conger; Riskind and 
Greene; McCann and Romansky; Kimmel; 
Koons and Ruch; Fishberg; Laas; Stewart; 
Richardson ; Wosika, Jung and Maher; Toulson 
and Wagner; Hesse; Weiss; Rubin and Rapo- 
port; Sarre; Baggenstoss and Barker; Powers 
and Murray; Leiter; Saphir and Ballinger; 
Horton; Farrell and Young; Freeman and 
Hartley; Friedman, Moschkowitz and Marrus; 
Amber ; Killian and Calvin, and others). Many 
of the patients with renal hypertension whose 
cases have been reported were children or young 
adults (Killian and Calvin). 


For a proper understanding of the causative 
mechanisms underlying the marked variations 
in the anatomic character and the distribution 
of the arterial and arteriolar changes found in 
connection with renal hypertension, it is essen- 
tial to analyze the different etiologic factors in- 
volved in the production of this condition, their 
effects on the renal vessels and the reactions 
on the.physicochemical composition of the blood. 
In glomerulonephritis the primary circulatory 
obstruction is located within the glomerular 
capillaries and elicits a general vasospasm as 
well as a local increase of intravascular pressure 
with distention of the afferent arterioles. During 
the advanced chronic stage of glomerulone- 
phritis, cicatricial compression of the intrarenal 
arterioles and small arteries operates addition- 
ally in the production of sclerosing vascular 
lesions by causing hydrostatic ischemia of the 
vascular walls. 
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In chronic perinephritis, pyelonephritis and 
hydronephrosis, compression of the renal paren- 
chyma occurs from the outside and is accom- 
panied or followed by inflammatory interstitial 
infiltrations and fibrosis, which accentuate this 
ischemic effect on the intrarenal small arteries 
and arterioles. These hydrostatic vascular fac- 
tors are aggravated by the simultaneous vaso- 
spastic reaction ensuing from the renal ischemia. 
Neoplastic. or traumatic destruction of renal 
tissue or hemorrhages into the renal parenchyma 
set a similar mechanical ischemic mechanism 
in motion, which is followed by the vasospastic 
response. 

Fundamentally different causative conditions 
of renal ischemia exist in those cases of renal 
hypertension in which a reduction of the renal 
circulation results from some sort of obstruction 
of the main renal artery, such as kinking, tor- 
sion, atherosclerotic processes or compression. 
A severe impairment of the renal blood flow 
caused thereby produces a decrease of the intra- 
vascular hydrostatic pressure and hydrostatic 
ischemia in the intrarenal vessels, while milder 
degrees of interference with the renal blood flow 
result in relative hydrostatic ischemia by a de- 
crease in the renal pulse pressure. The com- 
pensatory contraction of the renal vessels asso- 
ciated with this condition is accentuated by the 
simultaneously existing renal angiospasm. 

It is evident from these considerations that 
arteriosclerotogenic factors of increased and de- 
creased intravascular hydrostatic pressure as 
well as of increased vasotonia are active in the 
development of the intrarenal vascular lesions. 
There are two additional factors which may 
modify the vascular responses in some, not all, 
cases of renal hypertension. Glomerulonephritis 
with a nephrotic component is often associated 
with hypercholesteremia (Steiner and Doman- 
ski; Fleming; Cantarow and McCool; Hey- 
mann; Farr, Smadel and Holden; Lichtenstein 
and Epstein; Volhard; Maxwell). The second 
vasoactive factor which may enter into the de- 
velopment of the arterial lesions accompanying 
renal hypertension is represented by acute vaso- 
toxic inflammatory influences of probably aller- 
gic nature, which are especially active in and 
probably causally connected with severe renal 
insufficiency. It is the concurrent or successive 
action of these factors on the renal and in part 
also on the extrarenal arteries and arterioles 
which accounts for the complex nature and great 
variety of the vascular changes noted in renal 
hypertension. 
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(a) Arteriolosclerosis: Arteriolosclerosis in 
chronic glomerulonephritis consists of deposits 
of a hyaline material in the subendothelial space 
and mild to moderate hyperplasia of the elastic 
fibrils in the intima. This hyalinosis and elas- 
tosis of the renal arterioles affecting mainly the 
afferent vessels reach only limited degrees in 
chronic glomerulonephritis, in which obliterating 
endarteritis predominates as the characteristic 
arteriolar lesions (Jores; Zacharjewskaja; Vol- 
hard; Fahr; Simonds; Horn, Klemperer and 
Steinberg; Holst and Lemcke). This hyaline 
transformation of the arteriolar walls converts 
these vessels into narrow tubes no longer respond- 
ing to vasomotor impulses as the muscular media 
undergoes atrophic changes. The hyaline ma- 
terial often shows marked imbibition of lipoid 
substances. The lumens of arterioles thus 
altered are sometimes distended (Loomis). As 
similar arteriolar lesions appear at a relatively 
early age in the arterioles of the spleen, an organ 
subjected to frequent and considerable fluctua- 
tions in blood volume, it is not likely that arteri- 
olar hyalinosis and elastosis are causally con- 
nected with angiospasm or increased vascular 
tonus, especially as such changes are not ob- 
served in other vascular disorders of the angio- 
spastic type (e. g., Raynaud’s disease). 

If functional considerations are applied, it ap- 
pears more probable that the elastosis and the 
hyalinosis are responses to abnormal intravas- 
cular hydrostatic distending forces causing 
hyperactivity of the elastic elements and in- 
creased permeability of the endothelium resulting 
in deposition of plasmatic lipoid substances in 
the subendothelial intimal space (Volhard; 
Riihl). The partial obstructions of the blood 
flow, which must be located distally from the 
degenerated arterioles, may be of a functional 
or an anatomic nature and may be represented 
by partly obliterated glomerular capillaries, con- 
tracted efferent arterioles, contracted capillaries 
or capillaries compressed by surrounding hemor- 
rhages, exudate or edema. Arteriolosclerosis 
affects usually only the arterioles of certain 
organs and is rarely a general disease (Fahr). 

(6) Endarteritis Obliterans: Endarteritis 
obliterans (intimal fibrosis) is a vascular reac- 
tion seen as the result of angiospasm as well 
as after a reduction in the intravascular hydro- 
static pressure. It is frequently found in the 
renal vessels ‘in connection with chronic glo- 
merulonephritis as well as with other chronic 
fibrosing renal diseases (Fahr ; Lohlein ; Zachar- 
jewskaja). Fishberg contended that it is sec- 
ondary to glomerular scar formation. Zachar- 
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jewskaja, as well as Jores, noted similar interre- 
lations. Fahr and Lohlein claimed that endar- 
teritis is secondary to and the result of inflam- 
matory changes in the kidney and is not always 
present or is not of diffuse distribution in glo- 
merulonephritis. The medial hyperplasia fre- 
quently seen in connection with this condition 
following primary muscular hyperplasia indicates 
that angiospasm is an important factor in the 
causative mechanism of this arteriolar lesion. 
The fibrous intimal thickening shows minor 
elastosis. 

(c) Arteriosclerosis and Atheromatosis: It is 
not uncommon that the larger renal and extra- 
renal vessels are essentially intact (Meyer) in 
renal hypertension. However, there are many 
instances on record in which the large and 
medium-sized intrarenal and extrarenal arteries 
exhibit intimal fibrosis and intimal lipoidal de- 
posits of the atheromatous type, or both (Loo- 
mis; Heineke; Linder; Herxheimer; Volhard). 
The interlobular renal arteries often have swollen, 
homogeneous hyaline walls, or they show endar- 
teritic changes with muscular medial hypertrophy 
characterized by swollen nuclei of irregular size 
and arrangement. The wall has a fibrillar and 
honeycomb-like appearance. The intimal elas- 
tosis in the fibrous thickened intima is, where 
present at all, of a minor degree during the sub- 
acute nephritic phase, but it is frequent during 
the chronic phase (Koch; Volhard). The retinal 
vessels often reveal endotheliab proliferations of 
the endarteritic type as the result of ischemic 
angiospasm. The walls of the large arteries are 
subject to spastic ischemia due to contraction of 
the vasa vasorum, which show hyaline thickened 
walls and obliterated lumens in advanced cases 
(Herxheimer). Atherosclerotic changes of the 
large elastic arteries occur in connection with the 
hypercholesteremia present in chronic glomerulo- 
nephritis with a nephrotic component. 

(d) Arterionecrosis and Necrotizing Arterio- 
litis : Arteriolonecrosis and necrotizing arteriolitis 
affecting intrarenal and extrarenal arterioles are 
found in the accelerated type of acute and chronic 
glomerulonephritis (L6hlein; Horn, Klemperer 
and Steinberg ; Klemperer and Otani; Volhard ; 
Zacharjewskaja; Jaffé; Fishberg; Meyer, and 
others) in addition to the endarteritic and arterio- 
sclerotic manifestations. The necrotizing ar- 
teriolar lesions occur only in connection with the 
usual form of arteriolosclerosis and with renal 
insufficiency. Under these conditions the ar- 
terioles exhibit a markedly proliferated intima 
with fibrinoid deposits, a necrotic media and an 
adventitia infiltrated with leukocytes, i.e., changes 
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similar to those seen in the small arteries in 
periarteritis nodosa. Meyer observed these 
lesions in 5 of 13 cases of acute and subacute 
glomerulonephritis. Jaffé noted arterionecroses 
in 5 to 94 cases of glomerulonephritis, Fishberg 
in 3 of 8 cases, Killian and Calvin in 1 of 6 cases 
and Lohlein in 10 to 20 per cent of his cases of 
glomerulonephritis. 


A great deal of experimental work has been 
done in attempts to elucidate the causative mech- 
anism of glomerulonephritis and related circu- 
latory renal diseases and to determine the action 
mechanism and the nature of the hypertensive 
renal agent and its relation to the various types 
and distributions of the arterial and arteriolar 
sclerosing and degenerative lesions. Masugi suc- 
ceeded first in the experimental production of 
diffuse glomerulonephritis by injecting intra- 
venously into rabbits a nephrocytotoxic serum 
prepared by injecting emulsions of the kidneys 
of rabbits into ducks. The ensuing diffuse glo- 
merulonephritis was considered by him to be 
an allergic reaction, as renal reactions did not 
develop in rabbits given injections of normal 
horse serum. He claimed that the morphologic 
renal manifestations were the result of a specific 
antigen-antibody reaction. In animals in which 
the ‘acute allergic reactions persisted for some 
time there later developed anatomic lesions 
which were identical with those seen in chronic 
glomerulonephritis in man. During the acute 
stage the renal arteries and arterioles revealed 
Stasis, necrosis of their walls and marked fatty 
degeneration of swelling of the media with vesic- 
ular or fibrinoid degenerations. Endarteritic ar- 
teriolar lesions were found during the chronic 
stage, and necrotizing arteriolitis developed in 
extremely severe nephrotoxic reactions, affect- 
ing not only the renal arterioles but also those of 
the small intestine, with similar necrotizing 
changes present in the aorta, the pulmonary 
artery and the coronary arteries. These lesions 
bore a close resemblance to those seen in periar- 
teritis nodosa, suggesting thereby that the same 
causative mechanism is active in the production 
of both glomerulonephritic arteriolitis and peri- 
arteritis nodosa. 


Fahr confirmed these observations. Nephro- 
toxic nephritis of this genesis was subsequently 
elicited in guinea pigs, dogs and rats (Weiss; 
Sarre; Seegal and Loeb; Smadel and Farr; 
Smadel and Swift; Smadel; Kay). Kay showed 
that the glomerulonephritic reactions appear in 
the rabbits at a time when antiduck antibodies are 
released. As the glomerulonephritic reaction did 
not occur when the development of these anti- 
bodies was suppressed in the rabbits by roent- 
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gen irradiation, Kay concluded that the glomeru- 
lonephritic reactions are the result of a combina- 
tion of the antiduck antibodies with the nephro- 
toxic antibody-renal antigen complex. However, 
this concept cannot be applied to the nephrotoxic 
nephritis of rats and dogs, as here the nephritic 
changes appear within a few hours after the in- 
jection of the serum and thus long before the 
antiduck antibodies are produced. Kay postu- 
lated for human nephritis on the basis of a strep- 
tococcic infection the following sequence of reac- 
tions: The streptococcic toxin combines with the 
human renal protein to form a new protein com- 
plex, which enters the blood and gives rise to 
antibody formation against this complex. These 
specific antibodies react then with the complex 
still present in the kidney and thus elicit the 
nephritic responses. 

Smadel and Farr, who produced nephrotoxic 
glomerulonephritis in rats by injecting an anti- 
serum prepared in rabbits, observed thickening 
and hyalinization of the walls of the small ar- 
teries and arterioles of various organs when the 
hypertensive rats succumbed to chronic nephritis. 
There were, moreover, fat and calcium deposits 
in the media of the coronary arteries, which ex- 
hibited duplication of the internal elastic mem- 
brane, and perivascular cellular infiltrations in 
the pancreas. The endothelium of the arteries 
and the arterioles of the heart and the intestine 
was swollen and proliferated. The media showed 
degenerative fibrinoid lesions in the muscularis. 
Oecasionally similar lesions were present in the 
vessels of the brain and the testis. 

Kay, Lucchesi and Rutherford were unable 
to demonstrate in the blood of 78 patients with 
scarlet fever, by complement fixation tests and 
precipitin reactions, any evidence of an antibody 
against an antirenal antigen circulating in the 
blood. Holman observed in dogs after repeated 
injections of large amounts of canine plasma 
and the production of uranium nitrate nephritis, 
acute necrotizing arteritis and arteriolitis in the 
vessels of the heart and the lungs as well as in 
the aorta and the pulmonary, carotid, subclavian, 
mammary, lingual, mesenteric and femoral ar- 
teries. As the fibrinoid, necrotizing and leuko- 
cytic reactions in the vascular walls resembled 
those seen in periarteritis nodosa, he first con- 
cluded that a reaction to the injected plasma was 
involved in the production of these allergic vascu- 
lar reactions. Subsequent investigations, how- 
ever, showed that the same vascular responses 
occurred, although to a somewhat lesser degree, 
in dogs which were not receiving injections of 
plasma but were being poisoned with uranium 
nitrate or mercuric chloride or had been sub- 
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jected to bilateral nephrectomy only, indicating 
that the renal insufficiency was the main causal 
factor in the genesis of the hyperergic arteritic 
changes (Holman and Hewitt; Holman). These 
observations agree with those of Winternitz and 
co-workers concerning the development of hemor- 
rhagic and necrotizing lesions in various organs 
and vessels following the production of renal 
insufficiency in a variety of ways, including bi- 
lateral nephrectomy and subtotal ureteral ob- 
struction. Mention must be made in this connec- 
tion of observations reported by Breedis, Flory 
and Furth, who saw in a rat treated with uranium 
nitrate, in addition to a nephrotic kidney, exten- 
sive medial calcification in numerous arteries of 
various organs. 


Domagk and Neuhaus injected syspensions of 
Staphylococcus aureus into the renal arteries of 
dogs several times and observed the development 
of glomerulonephritis and in 1 dog also allergic 
arteritis. It may be pointed out, moreover, that 
the subcutaneous administration of the feeding of 
sodium urate to rabbits and guinea pigs (Boinet 
and Romary; d’Amato) caused medial necrosis 
and cavity formation in the aorta and medial 
necrosis and hemorrhage in the pulmonary ar- 
teries of rabbits and round cell infiltration in the 
media and intimal thickening in the aorta of a 
guinea pig. It remains to be seen whether under 
the conditions of renal insufficiency the retention 
of urinary metabolites favors the production of 
unnatural antigenic proteins responsible for the 
allergic vascular reactions, Laas proposed that 
in malignant hypertension hypertensin combines 
with some other vasoactive factor causing hyper- 
sensitivity to hypertensin, 

A second method for the production of neph- 
ritis makes use of roentgen rays. Emmerich and 
Domagk cbserved in a 9 year old girl, following 
a therapeutic application of roentgen radiation 
over the abdomen, the development of chronic 
glomerulonephritis characterized by marked fat 
infiltration of the large and small renal arteries 
and pronounced fibrosis and hyalinization of their 
media. These investigators then exposed rabbits 
to a similar actinic treatment and six to eighteen 
months later noted that the kidneys were 
sclerosed and contained small arteries with thick- 
ened, fibrosed and elastotic walls. Hartman, 
Bolliger and Doub subjected the kidneys of 
dogs to a similar treatment with roentgen rays 
and observed later that the renal arteries had 
thickened walls and that the arterioles were scle- 
rotic, hyaline, narrowed or obliterated. The 
parenchymatous changes were those of inter- 
stitial chronic nephritis and fibrosis. Adams, 
Egloff and O’ Hare injected radium emanation in- 
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travenously into dogs twice a week for seventeen 
to eighty-two days and noted interstitial fibrosis 
and hyalinization of the arteriolar walls in the 
kidneys. The large vessels were intact. While 
the general hypertension resulting from renal 
lesions elicited by actinic energy may cause 
arteriosclerosis in the extrarenal vessels, the 
sclerotic changes of the renal arterioles are in part 
the product of hydrostatic ischemia following 
compression of the vessels from the outside by the 
interstitial scar tissue and are therefore analogous 
to the sclerotic lesions seen in the neighborhood 
of roentgen ulcers of the skin and in chronic 
radiodermatitis: 

A similar mechanism of vasocompression is 
active in the method devised by Page and co- 
workers for the experimental production of 
hypertension. These investigators obtained a 
reduction of pulse pressure in the kidney by 
wrapping it in cellophane or silk and thus causing 
the formation of a perinephritic fibrous capsule. 
The ensuing compression of the renal parenchy- 
ma and the renal ischemia resulting therefrom 
were responsible for the hypertension produced, 
which lasted for months or years unless a malig- 
nant phase supervened. The last development 
was hastened if only one kidney was wrapped 
and the second kidney was removed, a condition 
of renal insufficiency being elicited thus through 
the additional reduction of functioning renal sub- 
stance. These effects have been demonstrated in 
dogs, cats, rabbits and rats by various investiga- 
tors (Page; Corcoran and Page; Grollman and 
Williams ; Dunihue ; Dunihue and Candon ; Oster 
and Martinez; Friedman, Jarman and Klem- 
perer ; Graef and Page). Cromartie obtained the 
same results in rats when the kidneys were 
wrapped in a layer of cotton. While Graef and 
Page did not observe in animals thus treated any 
arteriolar renal lesions, Cromartie noted in the 
rats with experimental perinephritic hypertension 
arteritic lesions similar to those seen in periar- 
teritis nodosa, affecting the medium-sized and 
small arteries of the mesentery, the intestine, the 
untreated kidney, the spleen, the testes, the heart, 
the liver, the lungs, the urinary bladder, the sub- 
cutaneous tissue and the periadrenal and peripan- 
creatic tissues when infection was simultaneously 
present. In rats in which only hypertension 
prevailed the small arteries and arterioles 
showed medial hypertrophy and hyalinization and 
adventitial fibrosis. Friedman, Jarman and 
Klemperer, on the other hand, found hyaline, 
fibrinoid and necrotic vascular lesions of the 
intestine, the pancreas, the heart and the kidney 
not operated on in some animals subjected to 
cellophane perinephritis. Hueper observed in 
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dogs made hypertensive through the production 
of cellophane perinephritis endarteritic intimal 
thickening and medial fibrosis of the arteries in 
the fibrotic renal capsules and marked intimal 
edema, hyalinization and fibrosis in the aorta. 
The arterial lesions produced in experimental 
nephritis are thus in many respects similar to 
those seen in man under analogous conditions. 
The absence of atherosclerotic changes in the 
animals with renal hypertension, however, is 
noteworthy. Oster and Martinez observed in 
rats with unilateral cellophane perinephritis caus- 
ing hypertension the development of polydipsia 
and polyuria. The latter was related to decreased 
reabsorption of water in the tubules. This func- 
tional disturbance is also the result of impaired 
oxygenation of the renal tissues. 


The removal of the ischemic kidneys or of the 
adrenal glands in the perinephritic hypertensive 
animals caused a marked drop in blood pressure, 
which, however, did not always reach the original 
normal level but remained elevated (Page). This 
incomplete reversal of the hypertension after the 
removal of the ischemic kidney may be related to 
the irreversible vascular lesions in the intact 
kidney and other organs which developed during 
the primary functional hypertensive phase. 

Goldblatt, Lynch, Hanzal and Summerville are 
mainly responsible for demonstrating experimen- 
tally that renal hypertension and its arterioscle- 
rotic sequelae follow an extrarenal impairment 
of the flow and supply of blood to the kid- 
ney due to a partial constriction of the main 
renal artery. The constriction of the lumen of 
the renal artery, which is accomplished with the 
help of a specially constructed clamp or with a 
loop of silver wire, results in an elevation of the 
diastolic and systolic pressure in monkeys, dogs, 
goats, sheep, cats and rabbits and in the develop- 
ment of arteriolar as well as arterial degenera- 
tive and necrotic changes (aorta, pulmonary 
artery) (Goldblatt and co-workers; Winternitz 
and co-workers ; Houssay and co-workers ; Prinz- 
metal, Lewis and Leo; Dill, Isenhour, Cadden 
and Kuder; Wilson and Pickering; Kahn and 
Ingraham ; Schroeder ; Goormaghtigh ; Page, and 
others). Goldblatt, Kahn and Lewis did not find 
any significant arteriosclerotic and arterioloscle- 
rotic changes in animals with this type of renal 
hypertension when renal insufficiency was absent 
(benign phase). Dill, Isenhour, Cadden, and 
Kuder, on the other hand, reported the occur- 
rence of flat white and yellow intimal thickenings 
containing a pale-staining amorphous material 
with a scattering of histiocytic nuclei in the aortas 
of rabbits with renal hypertension elicited by a 
constriction of the aorta to one fourth to two 
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thirds of its cross-sectional area just above the 
orifices of the renal arteries. In animals in which 
renal insufficiency developed in addition to the 
renal hypertension widespread arteriolar lesions 
were observed. These consisted of arteriolone- 
crosis and fibrinoid necrotizing arteriolitis 
(Goldblatt, and others). Winternitz noted the 
deposition of an acidophilic material in the sub- 
endothelial spaces of arterioles (vasa vasorum) 
and degeneration and necrosis of the media of the 
mother vessels as well as of the vasa vasorum. 
It is noteworthy that the vessels in the ischemic 
kidney remain free from these necrotizing changes 
and exhibit lesions attributable to ischemia and 
hypertensive factors only (Goldblatt). These 
vascular lesions are not comparable to those 
observed in the rest of the body. 


Inasmuch as hypertension alone does not pro- 
duce the necrotizing arteriolar lesions and in 
view of the fact that renal insufficiency alone does 
not elicit them, Goldblatt and Kahn concluded 
that the renal ischemia is an essential factor in 
their development. Winternitz likened the degen- 
erative and.necrotic medial lesions in the aortas 
of hypertensive dogs to the hemorrhagic and 
cystic medial changes described by Erdheim and 
Gsell in cases of tumors of the adrenal medulla. 
He contended, moreover, that there is a hyper- 
tensive factor separate from an arteriolonecrotic 
one. Schroeder was uncertain whether the vas- 
cular reactions are the cause or the result of the 
elevation of blood pressure but was inclined to 
believe that they are elicited by the same mecha- 
nism that produces hypertension. . 

Goormaghtigh observed in the ischemic kidney, 
which is protected by the constriction of the renal 
artery against the full hemodynamic impact of 
the elevated blood pressure, fibrosis and lipoid 
infiltration of the juxtaglomerular apparatus with 
transformation of the smooth muscle cells into 
cells devoid of myofibrils and containing poly- 
chromic granules, vacuoles and hypertrophic 
The media of the intrarenal interlobular 
arteries and arterioles showed fibrotic patches. 

The conceptions advanced by Goldblatt, Win- 
ternitz and Schroeder concerning the genesis of 
the fibrosing and necrotizing arteriolar lesions 
is not in harmony with the facts established from 
a more comprehensive study-of the relations be- 
tween increased vasotonia and arteriosclerosis. 
It is readily apparent from the evidence presented 
on this matter that an elevation of vascular tonus, 
when sufficiently severe and prolonged, results in 
sclerotic intimal and medial lesions of the affected 
vessels (Wakerlin and Johnson). The great 
variations in the physical and the chemical char- 
acter of the vasotonic agents preclude the proba- 
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bility that the same mechanism causes both hy- 
pertension and arteriolosclerosis and practially 
exclude the possibility that the vascular effects 
are the result of a specific vasotoxic factor inde- 
pendent of the vasotonic one. Inasmuch as 
necrotizing arteriolar lesions are never observed 
following even severe vasotonic episodes and 
occur not infrequently under conditions in which 
renal ischemia is definitely not present, this fac- 
tor cannot play an important role in their produc- 
tion as asserted by Goldblatt. There exists, on 
the other hand, a great deal of clinical and experi- 
mental evidence supporting the concept that an 
allergic-hypertensive mechanism is operative in 
their development. 

It may be well to point out in this connection 
that the Goldblatt mechanism of renal hyperten- 
sion is a relatively uncommon one as far as hy- 
pertension in man is concerned. The different 
distribution of the arteriolar lesions, i.e., the 
absence of typical lesions in the ischemic Gold- 
blatt kidney, distinguishes it fundamentally from 
the kidneys in essential hypertension and militates 
against the claim that renal hypertension and 
essential hypertension are etiologically and ana- 
tomically identical (Blalock; Dicker ; Blackman ; 
Schroeder). 

The studies of Page and co-workers and of 
Houssay and associates have shown that the 
hypertensive principle (angiotonin or hyperten- 
sin) generated by the ischemic kidney is formed 
by the combination of the enzyme renin with an 
alpha globulin of the plasma, renin activator or 
hypertensinogen (Page; Corcoran and Page; 
Page and Helmer; Mufioz, Braun-Menendez, 
Fasciolo and Leloir ; Abell and Page; Page, Hel- 
mer, Plentl, Kohlstaedt and.Corcoran ; Houssay, 
Braun-Menendez and Dexter ; Prinzmetal, Lewis 
and Leo; Houssay and Dexter; Paquini). An 
anoxemic renal metabolism is apparently essen- 
tial for its production. This conclusion is not 
negated by the observations of Steiner, Weeks 
and Barach, who were unable to produce any 
changes in blood pressure in dogs and several 
men with renal hypertension when these subjects 
were subjected for from twenty-four to forty- 
eight hours to inhalation of pure oxygen. 
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Essential Hypertension.—Essential hyperten- 
sion, according to Allen, kills twice as many 
” people in the United States as cancer and is re- 
, sponsible, according to Foucar, for 11.4 per cent 
of all deaths. Hines and Lander stated that 15 
per cent of all persons and probably one third of 








all persons more than 50 years of age are hyper- 
tensive. Herxheimer noted that of 7,940 autop- 
sies, 389 disclosed arteriolar nephrosclerosis (4.9 
per cent). 
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Essential hypertension is an angiospastic con- 
dition associated with nephrosclerosis, renal and 
extrarenal arteriolosclerosis and, often, hyper- 
trophy of the left ventricle of the heart. There 
occur two types of essential hypertension, the so- 
called benign type (benign nephrosclerosis) and 
the malignant type (malignant nephrosclerosis). 
During the early stage of essential hypertension 
there are no demonstrable parenchymatous or 
vascular renal changes, and the disease is appar- 
ently entirely functional. 


The etiology of essential hypertension is un- 
certain and controversial. An appreciable num- 
ber of investigators (Blalock; Dicker; Moritz 
and Oldt; Fahr; Hewlett and Boyd; Pickering ; 
Schroeder; Schroeder and Steele; Schiirmann 
and MacMahon; Goldblatt, Kahn and Lewis; 
Scott, and others) have contended that primary 
renal arteriolosclerosis or some obstruction in the 
main renal artery or in larger renal arteries im- 
pairing renal circulation is responsible for the 
development of essential hypertension by causing 
renal ischemia and thereby the production of a 
renal pressor agent. 


Schiirmann and MacMahon distinguished be- 
tween an endogenous mechanism in the genesis 
of malignant hypertension and an exogenous one, 
the latter being represented by toxic agents, such 
as lead, mercury, arsenic and rheumatic, syphi- 
litic or other nephrotoxins. These agents were 
claimed to elicit an angiospasm of the renal ves- 
sel, thereby setting the vicious circle of inter- 
connected hypertensive mechanism in motion. 
Lead poisoning as a cause of malignant hyper- 
tension was emphasized by Fahr and by Mach- 
witz and Rosenberg. Corcoran and Page also 
apparently assumed the existence of an extra- 
renal primary causative agent when they pro- 
posed that there occurs first a spasm of the effer- 
ent arterioles which results in degenerative 
changes in,the afferent arterioles through the in- 
crease in intravascular hydrostatic pressure and 
thus initiates the production of the ischemic renal 
pressor agent. 


The concept of a primary renal arterioloscle- 
rotic causation of essential hypertension has not 
remained unchallenged. Jores, Léhlein, Hueck, 
Dumas, Guggenheimer, Scriba and others have 
held that the arteriolosclerosis of the kidney and 
of other viscera is secondary to hypertension. 
Kimmelstiel stated that the arteriolosclerosis and 
the hypertension coexist and increase in degree 
with advancing age. It was observed repeatedly 
that in the early stages of essential hypertension 
there is no evidence of functional or morphologic 
impairment of the kidney, especially no arteriolo- 
sclerosis (Volhard; Scriba). Zacharjewskaja 
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pointed out that the renal concept had been 
abandoned recently by many investigators as an 
increasing number of observations indicated that 
the blood pressure may drop to normal levels 
after years of hypertension with intact renal func- 
tion and that in some cases of essential hyperten- 
sion of several years’ duration no renal vascular 
changes were found at autopsy. It was noticed, 
moreover, that there does not exist any direct 
relation between the degree and the extent of 
renal arteriolosclerosis and the degree of hyper- 
tension. Moritz and Oldt conceded that 12 per 
cent of their patients with renal arteriolosclerosis 
had normal vascular tension. 


Dock, in objecting to the exclusive renal gene- 
sis of essential hypertension called attention to 
the fact that studies of kidneys post mortem and 
of renal blood flow during life indicate that sig- 
nificant anatomic narrowing of the vascular bed 
never occurs in most cases of essential hyperten- 
sion and occurs terminally only in a few. Im- 
provement of both renal and retinal circulation 
after splanchnicectomy indicated, according to 
Dock, that renal arteriosclerosis is an accessory 
factor of secondary importance and not a basic 
cause of the disease. Miihlmann, commenting on 
the marked fluctuations in blood pressure which 
may occur within a few hours in persons with 
essential hypertension, stated that such observa- 
tions militate against the concept of an anatomic 
vascular causation and favor that of a neurogenic 
cerebral one. 


The recent studies of Castleman and Smith- 
wick, who took biopsy specimens of the kidneys 
of 100 patients with essential hypertension during 
the performance of dorsolumbar sympathectomy, 
found in 53 per cent no vascular changes or only 
minor ones in spite of the fact that an appreciable 
number of these patients, who were from 18 to 56 
years old, had suffered from hypertension for 
years and almost 30 per cent had clinically severe 
hypertension. Goldring and co-workers showed 
that the chief feature of the renal circulation in 
essential hypertension is an increase rather than 
a reduction of intraglomerular pressure. Hines 
and Lander pointed out that the high percentage 
of persons with hypertension in the general popu- 
lation may make an association with renal disease 
fortuitous and suggested the action of other fac- 
tors, such as heredity. Borchardt concluded from 
an analysis of the symptomatic and pathologic 
manifestations of essential hypertension that a 
definite decision as to the sequence of events, i. e., 
as to whether hypertension or arteriolosclerosis 
is primary or whether both appear simultaneously 
and are not causally interrelated but merely co- 
existing, was not possible. This opinion was 
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concurred in by an editorial in The Journal of ‘mG 
the American Medical Association. "a :. 

It is the opinion of Volhard that the benign m 
type of essential hypertension (red hypertension) * 4 st 
has an extrarenal genesis, as this condition is not te 


accompanied by endarteritis obliterans or renal 
angiospasm and is not associated with general *@, & 


vasocontraction but results from reflex hyper- “§» Yé 
tonia of the arterioles due to overdistention of the of 
prearteriolar vessels. Volhard maintained, more- « or 
over, that benign essential hypertension is accom- S 
panied by plethora and polyglobulia. In support ' » of 
of his contention Volhard pointed out that the . . 


peripheral vessels are engorged in red hyper- « 


: ; a te 4 
tension and that the pulsation of arteries is ex- Re 
tended into small arteries and arterioles, where it , ; 
is normally absent. The arterioles are thus ahs 


passively distended. The arterial and arteriolar « @, 
elastosis of red hypertension are in Volhard’s bl 








opinion primary changes indicating precocious | bt 
vascular senescence. Fishberg also considered nc 
these vascular changes as evidence of accelerated ar 
vascular aging. Exogenous factors, such as lead, * a Bi 
mercury and nicotine, play, according to Volhard, _ in 
only a contributory role and may transform the * es 
endogenous benign essential hypertension into « S& 


the malignant form (pale hypertension) by *@. nc 








superimposing an angiospastic mechanism on the ar 
vasculat conditions prevailing in red hyperten- fa 
sion. tic 
Kraus claimed ‘that red hypertension is pro- “ * ar 
duced by a disturbance in the equilibrium of the , te 
hydrophilic plasma colloids and that aging and : lo 
hypertension are interrelated by the process of pa 
hysteresis, which causes dehydration of the col- “* |» 
loids and an increase and precipitation of the ps 
crystalloids (calcium). A hereditary or genetic « + > sp 
causal mechanism was considered an important L: 
factor in the genesis of essential hypertension by * } » th 
Mahomed, Huchard, Weitz, Volhard and Sobel. , Ste 
Kylin, Cushing, Hiilse, Westphal and others «§, jn, 
attributed essential hypertension to oversecretion of 
of one of the pituitary hormones. A hyperadren- <A we 
alinemic causation was claimed by Wiesel, Na- pl 
kaya and others, while Ruhl spoke of essential + § . no 
hypertension as an adrenergic reaction. The ele 
fallacy of such claims was shown in the preceding “ * an 
discussion of the role of hormonal hypertensive pl 
factors in the production of hypertonic vascular nc 
sclerosis. ““% oR, 
Westphal asserted that hypercholesteremia is , po 
present during the early stage of essential hyper- ” wi 


tension and that cholesterol acts as a sensitizer | re; 


of the smooth muscle tissue of the vascular walls 4 thi 
for vasopressor agents, such as epinephrine. tic 
Poindexter and Bruger, as well as Lemoine, com- to 
mented on the frequent elevation of the blood fiv 








cholesterol in patients with hypertension.  Prib- 
ram and Klein found hypercholesteremia in the 
majority of patients with hypertension who were 
studied, especially those with malignant hyper- 
tension, in whom it was often combined with 
polyglobulia. Mjassnikow noted hypercholester- 
emia in enly 9 of 21 cases of hypertension. Al- 
varez and Neuschlosz recorded that the blood 
of 84 per cent of hypertensive patients showed 
oversaturation with cholesterol by 5 to 20 per 


* cent and related this abnormality to the genesis 


v 


. 





of hypertension. In support of the alleged role 
of cholesterol in the causation of essential hyper- 
tension attention was called to the observation of 
Schmidtmann concerning the development of 
hypertension in rabbits subjected to dietary hy- 
percholesteremia. 

Weinstein and Weiss found an increase of the 
blood cholesterol in 54 per cent of their patients 
but considered this reaction as secondary to and 
not responsible for essential hypertension. Elliot 
and Nuzum, also Page, Kirk and Van Slyke, and 
Birger and Mobius, could not confirm the high 
incidence of hypercholesteremia in patients with 
essential hypertension. The observations of 
Schmidtmann on hypercholesteremic rabbits were 
not confirmed by Dominguez, Thodldte or Birger 
and Kramer. It is, moreover, a well established 
fact that the hypercholesteremia occurring in pa- 
tients with essential xanthomatosis, nephrosis 
and hypothyroidism is not associated with hyper- 
tension, whereas hyperthyroidism associated with 
low blood cholesterol is not infrequently accom- 
panied by increased blood pressure. 

Inasmuch as it has been maintained that an 
increase in the viscosity of the blood can be re- 
sponsible for an elevation of blood pressure (de 
Langen and ter Braak; Nesfield), changes in 
that factor have been related to the causation of 
hypertension. Harris and McLoughlin observed 
increased viscosity of the blood in 35 of 40 cases 
of hypertension in which the hematocrit values 


_were normal, indicating that there was increased 


plasma viscosity. Lustig, on the other hand, 
noted that the values for blood viscosity were 
elevated in cases of nephrogenic hypertension 
and in cases of hypertension associated with 
plethora and polycythemia but were near the 
normal level in cases of essential hypertonia. 
3rundage, Cantarow and Griffith, however, re- 
ported an increase of plasma viscosity in persons 
with essential hypertension but regarded this 
reaction as without fundamental importance in 
the causation of hypertension. It may be men- 
tioned in this connection that Hueper was able 
to increase the plasma viscosity in dogs up to 
fivefold by repeated intravenous introduction of 
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various macromolecular colloids, such as poly- 
vinyl alcohol, methyl cellulose, gelatin and pectin, 
without observing any appreciable elevation in 
blood pressure in these animals, confirming 
thereby the statement of Opsahl that the viscosity 
of the blood has only a minor significance in the 
regulation of the blood pressure. 

Cohen, Fineberg and Rudolph, as well as 
Vaughan and Sullivan, have raised the question 
whether or not an allergic reaction is involved in 
the production of essential hypertension. Both 
groups of investigators reached the conclusion 
that allergy has no significant relations to hyper- 
tension as it is infrequent in patients with hyper- 
tension and as an allergic state alone is not 
sufficient to elicit a hypertensive reaction unless 
a hypertensive predisposition is present, making 
the vascular musculature the shock tissue in the 
individual case. 

Brief mention may be made of the claim that 
changes in the region of the cerebral vasomotor 
centers, such as, particularly, sclerosis of ‘the 
arterioles in the floor of the fourth ventricle, 
elicit, by causing local cerebral ischemia, general- 
ized centrogenic hypertonia (Ceelen). Compre- 
hensive investigations by several workers have 
shown that such lesions are not consistently pres- 
ent and are observed moreover, also in normo- 
tensive persons (Borchardt) (see also “‘Neuro- 
genic Hypertension”). 

It is noteworthy that dietary factors, such as 
a vegetarian diet and a meat diet, have no demon- 
strable influence on the development of hyper- 
tension. Akatsuka and Hashimoto found in Jap- 
anese, whe eat a predominantly vegetarian diet, 
as much hypertension (11.6 per cent) as Jane- 
way observed among Americans (11.1 per cent), 
who consume considerable amounts of meat. 
Thomas did not find in the Greenland Eskimos, 
who live on an almost exclusive meat diet, any 
increased tendency toward hypertension, Volhard 
noted that occupational factors, with the excep- 
fion of those which entail increased nervous 
strain, were in general immaterial in regard to 
hypertension. 

The various theories presented demonstrate 
clearly that the problem of the genesis of essential 
hypertension is still not solved. It appears to be 
likely, however, that the vasopressor principle 
generated by renal ischemia plays some role in 
the production of this syndrome. The factor or 
factors which set the latter mechanism in motion 
are still unknown. The solution of the problem 
is further complicated by the uncertainty that 
exists in regard to the question whether or not 
the two types of essential hypertension have the 
same genesis or are two separate entities. 
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Many investigators have held that the malig- 
nant or pale variety of essential hypertension is 
merely a more acute and accelerated form of the 
benign or red hypertension (Jores; Moritz and 
Oldt; Dicker; Lohlein; Aschoff; Herxheimer ; 
Schiirmann and MacMahon) brought about 
through the action of additional exogenous noxae, 
particularly lead (Kimmelstiel and Wilson; 
Jores; Herxheimer). It has been suggested that 
these vasculotoxic exogenous agents may exert 
their influence through an allergic mechanism. 
Rosenthal, on the other hand, asserted that the 
cause of the benign hypertension is represented 
by vasculoactive agents or influences, such as 
lead, nicotine, gout, rheumatic infection and 
syphilis, while the etiology of the malignant form 
is unknown. Hiickel concluded from his studies 
of this subject that the malignant differs from the 
benign form in age range, rapidity of course, 
morphologic aspects and perhaps also etiologic 
factors, as special toxic factors, such as lead and 
syphilitic toxin, are active in the production of 
the malignant form. Klein also emphasized the 
toxic genesis of the malignant variety and its 
occurrence in juvenile and middle-aged persons, 
and stated that the malignant form does not 
represent an advanced stage of the benign form. 
Fahr proposed that the malignant type is a spe- 
cial form of periarteritis nodosa in which the 
arteriolar lesions are confined to the kidney. 
Inasmuch as it is generally agreed tliat both types 
of essential hypertension exhibit vascular lesions 
of the same type and that in the malignant form 
the vascular picture is complicated by the appear- 
ance of additional necrotizing and inflammatory 
arteriolar reactions, it appears probable that a 
vasotonic reaction underlies both conditions as 
the fundamental mechanism. In the malignant 
variety the course of the disease and the develop- 
ment and the extent of the vascular lesions are 
accentuated and accelerated by the superimposi- 
tion of an allergic mechanism, which is responsi 
ble for the necrotic arteriolar lesions ierachacllll 
of this type. Such an interpretation offers a 
plausible explanation for the differences in age 
range and is in harmony with the analogous con- 
ditions existing in the course and the morphologic 
manifestations in acute and chronic glomerulo- 
nephritis with its slowly progressive and acceler- 
ated forms. Additional support for the concept is 
derived from the fact that the necrotizing vas- 
cular reactions of the malignant form are not 
specific for this disease but are observed in 
various other vascular diseases having an ap- 
parently allergic causal factor (periarteritis no- 
dosa, thromboangiitis obliterans, rheumatic ar- 
teritis ). 
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The benign type of essential hypertension be- 
comes manifest chiefly in persons who have 
passed their fiftieth year. For males the peak of 
incidence is during the sixth decade, and for 
females, during the seventh decade (Rosenthal ; 
Volhard ; Herxheimer ; Kimmelstiel ; Blackford, 
Bowers and Baker). Malignant hypertension, 
on the other hand, affects in general persons who 
have not yet reached the age of 50 and occurs 


-~ 


even in juveniles past the first decade of life . 


(Kimmelstiel ; Fahr; Franke; Klein). Klein in 
1931 collected 10 cases of malignant nephro- 
sclerosis in young persons from 10 to 20 years 
of age (Ask-Upmark; Sjovall; Klementson ; 
Meyer; Fahr). 

It is usually stated that the malignant form 
is more common in men than in women. Mach- 
witz and Rosenberg recorded 29 males and 7 
females in a series of 36 cases, while Fahr and 
Volhard noted 30 males and 6 females among 
an equal number. Ask-Upmark, on the other 
hand, reported 19 females and 15 males among 
34 young persons with malignant hypertension. 
The predominance of the female sex is even more 
marked in the series of Klein, who noted 8 girls 
in a series of 10 juveniles with malignant hyper- 
tension. 

The histologic differentiation of the two types 
of essential hypertension is readily accomplished 
in typical cases but offers some difficulties in 
those cases which apparently belong to a tran- 
sitional group in which predominantly arterio- 
losclerotic lesions are found in association with 
minor arteriolonecrotic and arteriolitic reactions 
(Kimmelstiel). Arteriolosclerosis is the vascu- 
lar reaction characteristic of the benign type of 
essential hypertension. Although this lesion is 
not regularly found in the kidney during the 
early stage, it appears to be common during the 
stage of the disease which is seen at the post- 
mortem examination (Aschoff, 89.4 per cent; 
Bell and Clawson, 90 per cent; Schulz, 97 per 
cent ; Herxheimer, 96 per cent ; Moritz and Oldt, 
97 per cent). The lesion consists of an intimal 
thickening caused by an increase of elastic fibrils 
(elastosis) and the deposition of hyalin beneath 
an often thickened endothelium (hyalinosis) 
(Volhard; Jores; Moritz and Oldt). Lipoidal 
imbibition on the part of the hyalin is frequent 
and pronounced in the renal arterioles but less 
marked in those of other organs. 

Similar changes exist in the arterioles of other 
viscera to a varying degree (splenic arterioles, 
98 per cent, according to Moritz and Oldt; 
gastrointestinal tract, 15 per cent; skeletal mus- 
cle, 14 per cent; liver, 11 per cent; brain, 8 per 
cent). Arteriolosclerosis of the stomach, the 
intestine, the heart, the lung, the skeletal muscle, 
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the skin and fat tissue is rare, according to Jores, 
Brogsitter, Ricker, Fahr and Watanabe, and is 
infrequent in the adrenal glands, the hypophysis 
and the medulla oblongata, according to Rihl. 
Fahr did not find any arteriolar sclerotic lesions 
in the renal capsules, the skin and the skeletal 
muscle in 6 cases of benign and malignant hyper- 
tension and concluded therefrom that hyper- 
tension is not a causal factor in the development 
of arteriolosclerosis, particularly as this lesion 
was found by Kimmelstiel in the kidneys of 
normotensive persons. Beitzke and Fischer- 
Wasels concurred in this conclusion. Roth 
stated that arteriolosclerosis is mainly found in 
the kidneys, the brain, the pancreas, the retinas 
and the liver, that it is less frequent in the skin, 
the skeletal muscle, the fat tissue, the heart and 
the prostate and is almost never present in the 
lungs and the stomach. Watanabe did not find 
any arteriolosclerosis of the cutaneous vessels in 
110 of 116 cases. Kernohan, Anderson and 
Keith observed arteriolar sclerosis in biopsy 
specimens of the skeleton muscle in the majority 
of instances, paralleling that of the kidneys. 
Scott, Seecof, Hill and Cleveland made similar 
observations. Foa, Foa and Peet stated that the 
arteriolosclerosis of the pectoral muscle is di- 
rectly correlated with the severity of the hyper- 
tension and the vascular changes in the 
eyegrounds. Schmidt, who studied the pectoral 
and psoas muscles and the kidneys in 62 cases, 
noted only minor changes in the arterioles of the 
skeletal muscle but he observed that the lesions 
were most pronounced in young persons with 
benign and malignant hypertension. Andrus did 
not see any arteriolosclerosis in the pectoral 
muscle of hypertensive patients, confirming 
therein Jores, Evans, Fishberg, and Bell and 
Clawson. 

Whereas Fishberg and Pilcher did not observe 
any arteriolar lesions in the myocardium, Odel 
reported the presence of mild intimal hyperplasia 
in some cases and moderate medial thickening 
in most of the 48 cases studied. Levine recorded 
the presence of marked arteriolosclerosis in 6 of 
27 hearts of hypertensive patients. The data 
concerning the arteriolar lesions in the meningeal 
and cerebral vessels vary somewhat. Ewald 
found in hypertensive patients hyaline pial ves- 
sels without endothelial thickening, confirming 
Johnson in this matter. Moritz and Oldt noted 
that the cerebral arterioles showed medial hyper- 
trophy and endothelial hyperplasia. Baker stud- 
ied 53 cases mostly of benign hypertension and 
did not see any extensive cerebral arteriolar 
lesions in patients of the age group 41 to 60. 
Spatz mentioned that the cerebral vessels in 
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essential hypertension showed spasm, hyalinosis 
and medionecrosis. Scheinker, Wirtz, Anders 
and Eicke and Wolff made similar observations 
on the cerebral vessels in essential hypertension 
and mentioned the occurrence of perivascular 
round cell infiltrations. Lamellated elastosis is 
most marked in the medium-sized and small in- 
trarenal vessels up to the prearteriolar arteries. 
The media is usually atrophic. Elastosis is less 
pronounced in the arteries of other organs than 
in the kidney and is most often seen in the vessels 
of the pancreas and the brain (Herxheimer; 
Zacharjewskaja; Schiirmann and MacMahon). 


Endarteritic arteriolar changes leading to ob- 
literation of the fine branches occur in the kidneys 
as well as in the extrarenal provinces, where they 
are mainly limited to the splanchnic region. 
This distribution indicates that the splanchnic 
vessels (pancreas, liver) are apparently more 
susceptible to vasospasm than those in other 
parts of the body (Herxheimer; Kimmelstiel). 


Arteriosclerotic changes in the large elastic 
arteries, particularly the aorta, are usually not 
appreciable, but hyalinosis of vasa vasorum oc- 
curs. In the large arteries there is hypertrophy 
of the media characterized by the presence of 
large, irregularly shaped nuclei and mucoid 
loosening of the ground substance (Volhard; 
Schiirmann and MacMahon). Dietrich saw in 
some cases focal loss of nuclei, fragmentation 
of the elastic fibrils and mucoid swelling of the 
ground substance of the media. The intima is 
little thickened by fibrohyaline deposits. Lip- 
oidal intimal deposits are also encountered and 
affect arteries of large and moderate size. Lange 
commented on the relative rarity of sclerotic 
changes in the arteries of the extremities in 
essential hypertension. 


The described vascular changes are in general 
more marked and frequent in cases of malignant 
than in cases of benign hypertension (in 100 per 
cent of the former and in 23 per cent of the 
latter, according to Moritz and Oldt). Graham, 
Volhard and Schiirmann and MacMahon demon- 
strated by roentgen pictures of injected renal 
vascular trees in cases of malignant nephro- 
sclerosis a decreased filling because most of the 
cortical arterioles were obliterated, producing a 
picture similar to that of a dead tree deprived of 
most of its finer branches. Tests of Di Palma 
and Foster suggested that in malignant hyper- 
tension the vasoconstrictory processes extend 
also to the postauricular vessels, thereby causing 
the rapidly fatal course of this disease. 

The vascular changes characteristic of the 
malignant variety are represented by arterio- 
lonecrosis and necrotizing arteriolitis affecting 
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the vessels of the kidneys, the pancreas, the 
brain, the intestine, the adrenal glands, the pros- 
tate, the gallbladder, the testis, the spleen, the 
mesenteric lymph nodes, the liver and the heart 
but not those of the lung, the skeletal muscle, 
the skin, the stomach, the thyroid gland, the bone 
marrow and the joint capsules (Schiirmann and 
MacMahon; Volhard; Fahr; Spang ; Siegmund ; 
Kimmelstiel ; Dietrich ; Herxheimer and Schulz). 
These lesions are histologically similar to those 
seen in periarteritis nodosa and in the accelera- 
ted form of chronic glomerulonephritis. 


It is obvious from the data concerning the 
character of the anatomic changes of the arteries 
found in essential hypertension that a hypertonic 
angiospastic mechanism is operative in the pro- 
duction of the endarteritic, intimal fibrosing and 
medial degenerative lesions noted in both the 
large and the small vessels. Complicating these 
changes and partly superimposed on them are 
those elicited by increased intravascular pressure, 
which manifest themselves in intimal hyalinosis 
and elastosis, those caused by plasmatic lipoidal 
disturbances and appearing as atheromatous de- 
posits and, in malignant hypertension, those re- 
lated to a vyasculotoxic and probably allergic 
mechanism and represented by necrotizing and 
inflammatory arteriolar lesions. The absence of 
arteriosclerotic and endarteritic changes in the 
vessels of certain organs or provinces, varying 
with the individual case, does not militate against 
the hypertonic origin of these lesions in essential 
hypertension. Such a topographically limited 
action of vasotonic agents is well known from 
pharmacologic studies of vasculoactive substances 
and depends on the special vasotonic properties 
as well as on the intensity of action of the various 
agents. 
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HUEPER—ARTERIOSCLEROSIS 


NEUROGENIC HYPERTENSION 


Functional stimulation or pathologic processes 
in the central or the peripheral vegetative nervous 
system may elicit transitory or persistent in- 
creases in blood pressure through accentuation 
of the vascular tonus, thereby producing an eleva- 
tion of the peripheral resistance. Fishback, 
Dutra and MacCanny, also Nowak and Walker, 
produced persistent hypertension in dogs by pro- 
gressive ligation of the arteries supplying the 
head with blood, thus causing increasing hy- 
poxemia and ischemia of the brain. Denervation 
of the carotid sinus and section of the aortic 
depressor nerve have a similar but not equally 
sustained effect (Fishback, Dutra and Mac 
Canny ; Koch and Mies; Heymans). Nordmann, 
as well as Hoerner, Fontane and. Heller, did 
not find any sclerotic changes in the arteries and 
arterioles of dogs two years after section of the 
moderator nerves. Goormaghtigh, on the other 
hand, reported the presence of hyperplastic and 
degenerative lesions in the renal arterioles of 
rabbits subjected to this procedure. Similar 
observations were made by Hering after the 
cutting of the vasodepressor nerves in rabbits 
which showed sclerosing aortic lesions. 


Increased intracranial pressure which results 
in ischemia of the nerve tissue of the brain is 
followed by a hypertensive reaction through 
stimulation of the vasomotor centers. Such re- 
sponses are observed after intracerebral hemor- 
rhages and with the development of cerebral 
tumors (Cushing; Morgan and Schuller; Bla- 
lock; Dixon and Heller; Sturm; Bierhaus; 
Raab). Cerebral anoxemia is the cause for 
hypertensive episodes following poisoning with 
carbon monoxide, encephalitis and similar cere- 
bral conditions by stimulating the vasomotor 
centers located in the brain stem (Sturm; Raab; 
Hiller; Nordmann and Miller). Sclerotic 
changes in the arteries supplying the centers in 
the medulla oblongata with blood are claimed 
to be responsible for the centrogenic type of 
persistent hypertension (Riebold; Ruhl; Biich- 
ner; Bordley and Baker; Tuthill and Cutler; 
Ceelen). Riebold observed in a patient with 
blood pressure of 240 mm. of mercury an isolated 
arteriosclerosis confined to the cerebral vessels. 


Ruckert and Dei!mann, on the other hand, 
noted that such ischemia producing arterial 
changes in the vessels of the medulla oblongata 
were present only in a small minority of the 
cases of hypertension in general. The findings 
of Borchardt in this respect were similarly in- 
conclusive. 


Dixon and Heller, Hamperl and Heller, Vogt, 
and Griffith and Roberts elevated the intracere- 
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bral pressure in dogs and rats by intracisternal 
injections of suspensions of kaolin. Hamperl 
and Heller did not observe vascular changes or 
cardiac hypertrophy in dogs in which after this 
procedure hypertension of around 200 mm. of 
mercury developed and persisted for three hun- 
dred and ninety-five days. Lambert and Waker- 
lin, Foa and co-workers and Page, however, did 
not succeed in producing a persistent hyperten- 
sive reaction in dogs by this method and doubted 
its actual occurrence. 

Mention may be made finally of the fact that 
migraine, which is thought to be due to spasm 
of the cerebral vessels and which is not infre- 
quently associated with blanching of the face 
resulting from vasomotor spasm, is followed or 
accompanied five times as often by hypertension 
as this condition is present in a group of non- 
hypertensive persons of corresponding ages 
(Gardner, Mountain and Hines; Norman; 
Peters). Dunning, Peters and others have re- 
ported cases in which cerebral hemorrhages 
occurred during attacks of migraine in persons 
18 to 37 years of age. This observation suggests 
the existence of a centrogenic hypertensive 
mechanism in the hypertension of migraine such 
as that present in carbon monoxide poisoning 
and cerebral infections. The relation of this 
angiospastic condition to cerebral arteriosclerosis 
has not yet been sufficiently studied. 


SUMMARY 


The evidence presented indicates that local or 
general vascular hypertonia of sufficient inten- 
sity and duration causes the development of 
fibrous intimal thickenings and medial degenera- 
tions of fibrosing, hyaline and calcinotic types. 
The data advanced in support of this concept 
are not always unequivocal, but taken as a whole 
and in their mutual association, are of convincing 
quality. 
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